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FDFERTISEMEN T. 


HE Author of the following Work, in the year 1742 firſt 
propoſed printing 4 Treatiſe upon Microſcopes only. The 
plan laid down was entirely new ; and to render it more compleat, 
a prefatory diſcourſe was intended, to introduce ſuch general prin- 
ciples as were neceſſary for underſtanding the ſubject ſcientifically, 
This diſcourſe increaſed fo fait, under the Author's pen, that it was 
ſoon thought adviſeable to enlarge the original deſign, into a ge- 
neral 7 reatiſe of Optics. Two books, containing the Elementary 
parts of this ſcience, being finiſhed with all convenient expedition, 
were immediately printed off---both Plates and Letter-preis--- 
with uncommon care and correctneſs. And upon this foundation, 
it was propoſed to explain the Theory and Mechaniſm of Optical 
Inſtruments, in a third Book, under the general head of Teleſcopes 
and Microſcopes. A Taſk of this kind, required a multitude of 
accurate experiments; and perhaps nobody could be better quali- 
fied for making or reaſoning upon them, than Mr. Harris. But, 
while this buſineſs was forwarding with unuſual celerity, our Au- 
thor was called from the purſuit, by an extraordinary demand of duty 
in His Majeſty's Mint : And from that time, a variety of avocati- 
ons, for the publick ſervice, with a ſeries of bad health, the con- 
ſequence of laborious application and ſtudy, prevented any regular 
renewal of the ſubject for ſeveral years. Mr. Harris however, did 
not loſe ſight of his favourite object, but employed moſt opportuni- 
ties for the advancement of it ; till at length, finding himſelf once 
more at leiſure, he reſumed his application to this work with an 
earneſtneſs that probably haſtened his diſſolution : For, in the ac- 
tual proſecution of ſeveral intereſting experiments he was taken 
ſick, and, unfortunately for the Publick, expired 26th September 
1764. 

After Mr Harris's deccaſe, a numerous colle tion of Manuſcripts 
were ſubmitted to the conſideration of ſome Gentlemen, well ac- 
quainted with the Science of Optics, in hopes of compleating ſo 
valuable 


ADVERTISEMENT. 


valuable a work. But it appeared, upon examination, that though 
there ſcemed to be ample materials for the purpoſe, and many of 
them prepared for the preſs; yet the greater part, having never 
been digeſted, was incapable of any arrangement, without aſſiſt- 
ance of the Author---no longer to be had---or taking up the ſubject 
de novo, and purſuing it through an almoſt infinite variety of ex- 
periments--A Labour, neither to be expected or deſired of a Stran- 
er! 
n Under theſe circumſtances, the whole Freatiſe has long lain dor- 
mant, againſt the importunities of many friends, who have fre- 
quently recommended to publiſh this Elementary Part alone. They 
have repeatedly alledged - That the Elements of Science are always 
the ſame--- That theſe Elements, being quite diſtinct, are compleat 
in themſelves--- That very little has been written on the ſubject-—T 
And That the following ſheets, containing much new matter, would 
be a valuable acquiſition to the ſcience. Such have been the reaſons 
advanced for this publication, by Gentlemen whoſe names might 
do honour to any Book : And they have at laſt prevailed over every 
ſcruple of the Proprietor. But as nothing here is intended to bias 
the favour of the Public, the true hiſtory of this work is fairly rela- 


ted, and the performance ſubmitted, upon its own merit, to the 
candid judgment of the impartial Reader, 
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A TREATISE Book I. 


they are alſo reflected and diſperſed from every part of theſe bodies. 


For opaque bodies ſo enlightened are * viſible to the eye, as well as 
thoſe that are luminous. 


2. By a Ray of light is meant, the leaſt light, or part of light, 
which may be ſtopt alone without the reſt of the light, or propagated 


alone, or do or ſuffer any thing alone, which the reſt of the light doth 
not or ſuffers not F. 


Licht confits 3. It is very probable that rays of light are not continued filaments 
of {mallmate- or threads; but conſiſt of ſmall and diſtinct particles of matter ||, which 


rial Particles. following in a cloſe ſucceſſion do as it were make one continued thread. 


Light not in- 4+ That light ſhould be propagated in time, and not inſtantaneouſly, 

ſtantaneous, is very reaſonable to ſuppoſe: And that its velocity is much quicker than 

83 that of ſound, we know, becauſe the flaſh of a gun fired at a conſi- 

great. derable diſtance will be ſeen ſome time before the report is heard **. 
The Aftronomers have diſcovered the velocity of light | to be ſuch, as 
to reach from the ſun to us in about 8 minutes of time. 


5. Definition. Any tranſparent Body, as Air, Glaſs, Water, &c. alſo 
empty Space, is called a MEDIUNMH: And mediums are faid to be denſer 
or rarer, as they are ſpecifically heavier or lighter. Note, By a Medium 
is akeays underſtood a denſe Medium, unleſs it be otherwiſe expreſſed. 


6. Defin. All bodies ſeen by rays propagated directly from them to 
the eye, without being at all bent out of their courſe in their paſſage, 
are called Objects. And the viſion of objects in this manner is called 
Naked Viſion. A ſmall object, or a phyſical point of an object, conſider- 


ed as propagating light towards a certain part, is ſometimes called a Ra- 
diant or Radiating Point. 


Rayof Light. 


Medium. 


Object, Na- 
ked Viſion, 
Radiant. 


* Tt cannot be doubted, but that light by its 


impulſe upon the proper organ is the mediate cauſe 


of vifion : and therefore wherever bodies are vi- 
fible, light muſt be propagated from them to the 
exe. A continued uninterru motion is effen- 
tial to the very being of light, according to what 
ideas we can form of it; for the moment it ſtops, 
ceaſes to be light to us. 

+ Sir Jſaac Newton's Defin. Optics, page 2. 
Light is ſo ſubtile and fine, that it is probable 
the ſmalleſt part of it which we can ſtop, may 
yet conſiſt of ſeveral rays. 

| How exquiſitely minute muſt theſe particles 
be, that myriads of them can move promiſcuoul- 
ly all manner of ways, without impinging one 
another ! And that this is the caſe, we need not 
doubt, ſince different bodies and different parts 
of the ſame body are diſtinctly viſible at the ſame 
time. And how curious muſt the eye be framed, 
to be ſenſible of theſe ſmall impulſes, and to diſtin- 
gu:ſh at the ſame time thoſe from different ob- 
zects ! 


7. The 

** It is for the ſame cauſe that a clap of 
thunder is not heard till ſome time after the flaſh 
of lightening has been ſeen. 

T This diſcovery was firſt made by Monfieur 
Romer, who having obſerved that the eclipſes of 
the Satellites of Jupiter appeared ſooner or later 
than according to the theory, as the earth was 
nearer to or farther from Jupiter, concluded from 
thence that the progreſs of light is not inſtanta- 
neous : And by obſerving the different times of 
the appearances of thele eclipſes, according to 
the different diſtances of the earth from Jupiter, 
the time the ſun's light takes in coming from 
him to us, has been diſcovered. This hypo- 
theſis, that light is not inſtantaneouſly propagated 
thro* all ſpace, is now univerſally agreed to; and 
is farther confirmed by a notable diſcovery of an 
apparent motion of the fixed ſtars, by the Re- 
&erend and ingemous Dr. James Bradley, Reg. 
Profeſſor of Aſtravomy, who has elegantly ac- 
counted for that phænomenon, by the theory of 
the light's motion. 


* 
* 

F . 
* 
* 4 
is a 
+ , 

4 
ye 
1 
Ca. 
"3 
, 
4 
*** 
* 
G. 
* 
' 
F 


ſonſicur 
ples of 
or later 
th was 
d from 
aſtanta- 
imes of 
ling to 
Tupiter, 
g from 
hypo- 
E e 
to; and 
ry of an 
the Re- 
'y, Reg. 
ntly ac- 
heory of 


N 
* 
* ': * 
33 
= 

F iy A 

4 

7 

1. 

4 

i or 

* 4 

* 

Fg 

* 

. 

** 

* 

" 

(1 

F 


Sper. J. OF OPTICS. 


7. The progreſs or path of light, whilſt it continues uninterrupted 


in a medium of the ſame uniform denſity, is in * ſtrait lines. For 


all bodies ceaſe to be viſible, when any opaque body is interpoſed be- 
tween them and the ſpectator, 

Thus from a radiating point Q of an object PQR, are propagated 
inceſſantly in ſtrait lines, and in all poſſible directions the rays Q 4, 
Q. Qgq, &c. And in like manner rays of light are inceſſantly pro- 
pagated from every other phyſical point of the object, as well as trom 
Q ; otherwiſe the whole object would not be viitble, and that all at 
once, and to all poſitions of the eye. 


8. A ray of light, as AC, meeting obliquely with a ſurface RS, it 


it be turned back into the medium from whence it came, it will take 
ſome new direction, as CB: And if it enters the medium RG, inſtead 
of proceeding directly forward in the ſtrait line ACG, it will be bent 
at C into ſome + new direction CD, in which it will proceed trait |] 
whilſt it continues in that medium. The diſpoſition of the rays of 
light to be turned back into the medium from whence they came, is 
called Reflexibility : as is that to be bent at their entrance into another 
medium, called Refrangibility. The changes which the rays undergo 
in theſe two caſes, are called Reflection and Refraction. The original 
or primary ray AC, is called the znc:dent Ray; C the Point of Inci- 
dence ; CB, the reflected Ray; and CD, the refracted Ray. 

In like manner, if BC or DC be an incident ray, which at C is bent 
into CA; the Ray CA is accordingly called the refleed or refracted 
Ray. 

9. Let PCO be a ſtrait line perpendicular to the ſurface RS at the 
point of incidence C; the angle ACP which the incident ray makes 
with this perpendicular, is called the Angle of Incidence; BCP the 
Angle of Reflection; and DCF the Angle of Refraction. From the point 
of incidence C, with any radius deſcribe a circle cutting the incident 
and refracted rays in A and D; and from the points A, D upon the 


Fig. T. 


Fig, 2 . 


Reflection 
and Refrac- 
tion Tc. 


line PO let fall the perpendiculars AE, DF. Now the line AE is the Sines of Inci- 


Sine of the angle of incidence; and DF is the fine of the angle of re- 
fraction. The line AE for ſhortneſs of expreſſion is called the Sine of 
Jncidence, and DF the Sine of Refraction. 

B 


2 The 


Te propagation of light is in this reſpect + The advantages we derive from the refran- 
different from that of ſound, which ſeems to gibility of light are ineſtimable : without this 
ſuffer no obſtruction by the crookedneſs of its property in light, we ſhould have figured glaſſes 
paſſage ; whereas no object can be ſeen through a in vain, and "Teleſcopes and Microſcopes would 
crooked pipe. Sound is undoubtedly propagated not have exiſted. | 

to the ear by an undulating motion of the air, It ſeems that light is not reſiſted, at leaſt 
{like that of water after a ſtone has been thrown ſentibly, by any medium through which it paſ- 
mto it) cauſed by the tremor or vibrating mo- ſeth ; for if it was, its motion would be curvi- 
tion of the ſounding body; and not by any par- lineal, and not ſtrait. 

ticles of matter emitted from that body. 


dence andRe- 
fraction. 


A TREATISE Book I, 


The following Axioms about Light, are by repeated experiments found 


to be general without any exception; and are by ſome called the Laws 
of Reflection and Refraction. 


10. Ax1oM I. The Angles of Reflection and Refraction he in one and 
the fame Plane with the Angle of Incidence. That is, AC, CB, CD and 
the perpendicular PO are all in the ſame plane. 


11. Ax TOM II. The Angle of Refleftiom (BCP, or bCP) is * equal 
to the Angle of Incidence. (ACP or aCP.) 


12. Corol. Hence it follows, that when the incident ray is perpen- 
dicular to the reflecting ſurface, it ſhall be reflected directly back along 


the ſame perpendicular. For in that caſe the Angles ACP, BCP both 
vaniſh, and AC, BC coincide with PC. 


13. Ax1oM III. F the Reflefted or Refracted Ray (BC or DC) be 
returned directly back to the Point of Incidence (C); it ſhall be reflected 
or refracted into the ſame Line (CA) before deſcribed by the incident Ray. 


14. Ax10M IV. Refraction out of the rarer Medium into the denſer, 
is made towards the Perpendicular ; that is, ſo that the Angle of Refrac- 
tion be leſs than the Angle of Incidence. And the converſe. That is, the 
angle of incidence ACP from a rare medium, as air, into a denſer 
RSO, is greater than the angle of refraction DCO. And if DC be 


an incident ray, the angle of incidence DCO ſhall be leſs than the 
angle of refraction ACP. 


15. Ax io V. The Sine of Incidence is either accurately, or very nearly, 
in @ given Ratis to the Sine of Refraction . That is, any other incident 
ray aC will be fo refracted into Cd, that whatever ratio there be be- 


tween 

This ſeems to agree with the law of reflec- tures became uſeful to others. After the inven- 
tion of hard bodies of a ſenſible bulk. tion of Teleſcopes, the ſubjet of this enquiry 
+ The refraction of light at the ſurfaces of being thought more valuable than before, was 
tranſparent bodies was Ky notice of by the farther purſued ; and Willebrardus Snellius (a 
Ancients, Arifotle has a problem concerning Datchman) found out the truth: but ſtill he did 
the apparent curvity of an oar in water: And not throughly comprehend his own invention. 
Archimedes is ſaid to have written a book about This ſhort hiſtory is extracted from M. Huygens's 
the appearance of a ring or circle under water. Dioptricks, pag. 1,2. To which may be added, 
Albaxen the Arabian and Vitellio thought, that that Des Cartes, ſome time after it had been diſ- 
the angles of incidence and refraction were in a covered by Snellius, was the ſirſt who publiſhed, 


given ratio; but this proportion being found 
erroneous in large angles, the Moderns began to 
examine the matter more ſtrictly. Kepler, amon 

the reſt, made f:vcral experiments about it; = 
tho' he mils's his aim, liis attempts and conjec- 


that /e Sines' of Incidence aud RefraGion (and 
not their angles) are in a giver ratio. 

The cauſe of refraction ſcems to be, an attrac- 
tion of light by the ſurfaces of mediums of 
greater deniitics : Upon this ſuppoſition, the 2 
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tween the fines AE, DF; there will be the fame ratio between the 
ſines ae, df: i.e. AE:DF :: ae: df. 


16. Corol. 1. Hence it follows, that if the angles of incidence be in- 
creaſed or diminiſhed, the angles of refraction will be alſo increaſed or 
diminiſhed ; but not in the ſame proportion, becauſe angles and their 
ſines have not the ſame ratio; ſmaller angles and their fines being 
nearer to a ratio of equality, than larger angles and their fines. Alfo 
if two angles of incidence be equal to each other, the angles of refrac- 
tion ſhall be likewiſe equal to each other. 


17. Corol. 2. If the incident ray is perpendicular to the refracting 
ſurface, as PC, it will then undergo no refraction, but proceed directly 
in the ſtrait line PC O. For the angle of incidence being now vaniſhed, 
the angle of refraction muſt alſo vaniſh. 


18. Corol. 3. If the ratio between the ſines of incidence and refraction 
at the ſurface of a given medium, be known, and an angle of inci- 
dence ACE be given; the angle of refraction FCD may be thus found: 
About the point of incidence C, with any radius, deſcribe a circle cut- 
ting the incident ray AC ſomewhere in A; and from A upon the per- 
pendicular PCO to the refracting ſurface, let fall the perpendicular 
AEB; then make AE to EH, as the fine of incidence to the fine 
of refraction; and through H draw HD parallel to PO, and where 
this line cuts the circle as in D, is a point through which the refracted 
ray CD will paſs. Or, the angle FCD may be found by a table of 
lines, thus: Sine of Incidence: Sine of Refraction:: Sine ACE: 
Siue 2 F CD. 


19. Scholium. A ray of light as AC falling upon a ſpherical ſur- Fig. 3, 4. 


face ECF, either convex as Fig. 3. or concave as Fg. 4. will be re- 
flected or refracted after the ſame manner, as it would be by a plane 
RS touching the ſpherical ſurface at the point of incidence C. For 
in that caſe a line PO, which is perpendicular to the ſpherical ſurface 
ECF, will be alſo perpendicular to the plane RS; and therefore in 
both caſes, the angle of incidence ACP being the ſame, the angles 
of reflection and refraction will be the ſame alſo. 


20. It is found by experience, that if the refraction be made out of 
air into water, the ſine of incidence (AE) is to the ſine of refraction 
(FD) as 4 to 3: If out of air into glais, the fines are as 3 to 2 near- 
ly ; or more accurately as 17 to 11, or 14 to 9. And reverſely, if the 

| retraction 


ſon is manifeſt why light at its entrance into the fame principle Sir / ac Vrrrtor hath ſhewed. 
a devſe medium is refracted nearer to the per- why the fefractions are in the ratio of the fines. 
pendicular, and farther from the perpendicular Nate Opricks, zd Edition, pag. es to . 

at its entrance into a rarer medium. And from | 


. 
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refraction be made ſrom water into air, the fines will be as 3 to 4: 
if from glaſs into air, as 2 to 3, or 11 to 17 “. 

21. Corol. Hence if the retraction be from water or glaſs into air, 
and the angle of incidence GCF be greater than about 48+ degrees in 
water, or greater than about 40 deg. in glaſs; the ray GC will not be 
refracted into air, but will be reflected into the line Cg, making the 
angle of reflection gCF = GCF the angle of incidence: Becauſe the 
lines of 484 deg. and 40 deg. are to the radius (C) as 3 to 4, and as 
11 to 17 nearly; and therefore when the fine G/ has a greater propor- 
tion to the radius than as above, the ray will not be refracted. 


22. Schelium. The ſurfaces of bodies, as well thoſe that are tranſpa- 
rent, as opaque, being for the moſt part uneven ; it neceſſarily follows 
that abundance of light is diſſipated by bodies even the moſt tranſpa- 
rent: Some being reflected and ſome refracted towards different parts 
by their uneven ſurfaces, whilſt ſome is reflected and ſome refracted 
pretty uniformly. This accounts, why a perſon can ſee through water, 
and his image reflected by it at the fame time: Why, in the duſk, the 
furniture in a room may be ſeen by the reflection of a window glaſs, 
whilſt objects that are without are ſeen through it. 


[22.] Sir Iſaac Newton + hath ſhewed that the reflection and refrac- 
tion of light are probably both owing to the ſame power or cauſe diffe- 
rently exerciſed in different circumſtances. And that this power exerts 
itſelf at ſome diſtance from the reflecting ſurface ; ſo that light is not re- 
flected by impinging on the ſolid parts of bodies, but by ſome principle, 
which is uniformly diffuſed to a certain diſtance from the body. And 
this accounts why poliſh'd ſurfaces reflect light ſo uniformly as they do, 
which otherwiſe would be inexplicable. For the beſt poliſhed ſurface 
is full of ſcratches or fiſſures made by the powder wherewith it was 
poliſhed, and therefore utterly incapable of reflecting light uniformly, 
if reflection was made by the impulſes of light upon the ſolid parts of 
bodies. Nevertheleſs we find that rough or uneven ſurfaces reflect 
light all manner of ways; and that the ſmoother they are, the more 
uniform will be their reflections. The reaſon of which ſeems to be, that 
the reflective power reaches every where to the ſame diſtance from the 


body nearly; and that when the depths of the fiſſures are leſs than ſome 


aſſignable quantity, the reflective power may be ſo extended as to form 
as it were a film or ſurface round the body that ſhall be perfectly ſmooth. 
And hence perhaps there may be a degree of ſmoothneſs of bodies at- 
tainable by $364, art, beyond which no optical advantages are to be 

expected. 


The rays of light are not all equally re- purpoſe. How to find, by experiments, the re- | 


frangible, but this inequality need not in this fractive power of all ſorts of mediums both fluid 
place be conſidered. Alſo the numbers 2, 3, tor and folid, is ſhewed in Sir Vaac Newton's Opti- 
expreſſing the ratio of refraction between glaſs cal Lectures, F. 2. 

and air, are ſufficiently accurate for our preſent + Vid, Newton's Opticks, p. 237, to 244. 
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expected. What has been ſaid as to the reflection of bodies, may be 
alſo applied to their refractions. 


23. Defin. Any parcel of rays, as Q AC, Q BC, or QA conſidered Fig. 1, 3, 9. 
apart from the reſt, is called a Pencil of Rays. When the baſe of the f * or Cone 
encil is a circle, as the pupil of the eye, an optic glaſs, &c. or con- 


f 2 1 3 
ſidered as being a circle, it is alſo called a Cone of Rays. That ray as jen; an 


QA, fg. 5, 9, which falls perpendicular upon any ſurface, is called the refracted 
Axis of the pencil or cone; alſo the Principal Ray: And this ray Kaus. 


undergoes no change either by reflection or refraction. *12&17.1. 
The rays of any pencil before they have undergone any change by Fig. 5, 9. 
reflection or refraction, are called Incident Rays : afterwards they are 


called Reflected or Refracted Rays, according to the change they under- 


went. Both the incident and reflected or refracted rays, are conſider- 
ed as making one pencil. 


24. Defin. Rays proceeding from a certain point as Q, and as they Diverging, 

go on, ſpread or recede farther aſunder, are called Diverging Rays, co e! 
And rays, which, on the contrary, convene towards a certain point at Rave. 
which they would at laſt unite, if not intercepted in their paſſage, are 
called Converging Rays. Rays are ſaid to be parallel when their incli- 
nation, if they have any, is inſenſible: or, when the diſtance of the 
point from, or towards, which they diverge, or converge, is fo great, 
that the breadth of the pencil bears no ſenſible proportion thereto. 
Thus, the ſolar rays are reckoned parallel, becauſe their inclination at 
the diſtance we are from the ſun, is altogether inſenſible. In like man- 
ner, the rays which enter the eye from an object at a mile or even leſs 
diſtance, may be reckoned paralle], becauſe the breadth of the eye's 
pupil bears no ſenſible proportion to that diſtance. 


25. Defin. The point from which rays diverge, or towards which Fig. g, 9, 10. 
they converge (tho' they never arrive at it) is called their Focus. Every Focus, real, 
pencil of rays after reflection or refraction has two focus's, the one as (Fc ro. 
Q being the Focus of incident Rays; and the other as q, the Focus of the cus's. Geo- 
reflected or refracted Rays. Theſe conſidered as being the focus's of 2 * 
the ſame pencil, are called Conjugate Focus s. Parallel rays are conſi- Aberration, 
dered as having focus's at an infinite diſtance. The Line Qg joining the Proper Focus. 
conjugate focus's, is called the Axrs of the Pencil. The point Q from 
whence the rays diverge, or in which they would unite after reflection 
or refraction, if 9 be the focus of incident rays converging, is called a rea! 


Focus, But g in the three figures referred to, is called a vi7tual or 1ma- 


All 


* Theſe definitions are placed here, becauſe upon them, their meaning will be more obvious 
they are general; but a beginner necd not dwell atter a perafal of part of the next ſection, 
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All the rays in a pencil will not be always reflected or refracted into 
one point, as will be ſhewed hereafter ; but only thoſe rays that are 


equidiſtant from the axis on different ſides, all thoſe that have different 
inclinations having different focus's. And, ſtrictly ſpeaking, by the focus 
of a pencil is meant the focus of thoſe rays that are neareſt to the 
axis: this is alſo called the Gesmetrical Focus. And the diſtance between 
this focus and the proper or reſpeive Focus of any ray, is called the Ab- 


erraticn of that ray. Thus, /g. 13, 14, if Q be the focus of incident 


rays, and 4 be the focus of thoſe rays that are next the axis after re- 
fraction, x the focus of any particular ray CD; then is ꝙ called the 
Geometrical Focus, x the refſpettive or proper Focus of the ray CD, and 
9x its Aberratim, 

26. Defin. A phyſical point Q (fg. 5, 9, 10.) being conſidered as an 
object, the correſponding point q from or towards which the rays diverge 
or converge after reflection or refraction, is called the Image of the ſaid 
point Q. In like manner the images of all the ſeveral points of an ob- 
jetPQR, (Jg. 6,7, 8, 11, 12.) being taken collectively or as one image, 
as gr, is called the Image of the ſaid Ohje? PR. 

27. Light the farther it is propagated from any radiating point, be- 


comes continually rarer: And if it met no obſtruction in its courſe, the 


decreaſe of its denſity would be as the ſquare of the diſtance from the 


radiating point. This is manifeſt from the principles of geometry. 
Let BQC be a pencil of light propagated from the point Q, and let 
Qa, Q be equal reſpectively to half QB, QC. Now a circle whoſe 
diameter is BC will be four times as big as a circle deſcribed upon 46; 
but the quantity of light contained in theſe two circles is equal ; and 
therefore the light at the diſtance Qa is four times denſer than at the 
diſtance QB. In like manner, if Qe, Q be one fourth of QB, QC, 
the light at ef will be 16 times denſer than at BC. For a circle de- 
ſcribed upon e f contains all the light that can come into the circle de- 
{ſcribed upon BC, and theſe two circles are to one another as 1 to 16: 
That is, Light the farther it is propagated decreaſes in its denſity in a du- 

plicate Ratio of the diſtance. | 
28. Corol. Hence luminous bodies, or thoſe that ſhine with their own 
light, are vaſtly brighter than opaque bodies illuminated by them. For 
opaque bodies diſperſe the light falling upon them, alſo all manner of 
ways; whence, ſuppoſing that all the light was reflected, the quantity 
of it received by the eye from the opaque body, compared to that which 
it receives from the luminous body, 1s only as the viſible illuminated ſur- 
face of the opaque body, to the ſurface of an hemiſphere whoſe radius 
is the diſtance of the opaque body from the eye; ſuppoſing the breadth 
of the pupil to be the fame in both caſes, and that the ſum of the diſ- 
tances of the opaque body from the eye and from the luminous body, 
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differs inſenſibly from the direct diſtance of the luminous body from 


the eye. 


29. Hence again, the light of the full moon at a medium is about 
100,000 times fainter or rarer than the ſun's light when at the ſame 
height above the horizon, all other circumſtances being the ſame alſo ; 
as will appear by comparing the moon's apparent diſk to the ſurface 
of a hemiſphere. Whence it is eaſy to conceive, that ſince we can 
bear the ſun's heat, why we are not ſenſible of any from tlie moon; 
and much leſs can we be ſenſible of any heat from any of the other 
planets. 


zo. We do not know any medium that is perfectly tranſparent. No Medium 
Even the air, the moſt rare and tranſparent medium we know of, is full perfect 
of opaque particles that impede light; this is manifeſt from the phæno—- . 
menon of a beam of light let in through a ſmall hole into a darkened 
chamber, which will be viſible like a luminous Cone from every part of 
the room : and this ſhews that the whole light does not go forward 
in its rectilineal courſe, but that at every point of the medium through 
which it paſſeth, ſome part of it is reflected every way; for the viſibi- 
lity of the luminous cone is cauſed by this reflection. The greater 
faintneſs of the ſun and moon when near the horizon, than when ele- 
vated higher up, ſhews alſo that their light is more obſtructed by the 
longer tract of air and vapours in the one caſe, than in the other. The 


loſs of light in paſſing through glaſs is ſtill greater. 


31. Hence the quantity of light contained in any pencil is continual- 1 
ly diminiſhed, the greater the diſtance from the radiant : and this di- geney in a 
minution is more or leſs, according to the more or leſs opacity of the greater pro- 
medium through which it paſſes. This makes it impoſlible to aſſign Perf e, 
exactly the different proportions of the denſity of light, at different diſ- of the diſ- 
tances from the radiant ; but in all caſes, the decreaſe of the denſity of e. 
light is greater than as the ſquares of the ſaid diſtances. And this is 
the cauſe why objects appear leſs bright the farther they are from 
the ſpectator. For if none of the rays were ſtopt in their paſſage, 
the degree of brightneſs of the picture of an object upon the retina, 
would be the fame at all diſtances between the eye and object, ſup- 
poſing the aperture of the eye's pupil to remain the ſame. For in 
that caſe the magnitude of the picture upon the retina, and the denſity 
of the light would increaſe or decreaſe together in the ſame proportion, 
©/2, reciprocally as the 1quares of the diſtances of the eye from the 


object; and therefore the denſity of the light upon the retina would be 


invariable at all diſtances &. 


C Luminous 


* Forexample ; when the eye approaches as retina becomes quadruple ; and the quantity of 
near again to the object, the picture upon the light received from the object thro' the ſame 
aperture 


10 


Light not all 
reflected. 


Speculum. 
Plane and 


ſpherical Spe- 
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Luminous bodies ſhining in the dark, as a lamp or torch, &c. emit 
to very great diſtances much more light than in that caſe is neceſſary 
for vition. And tho' their light ſuffers a continual diminution by the 
heterogeneity of the medium, the farther it goes; yet there being ſtill 
more left than is requiſite for viſion, their ſplendour is not ſenſibly in- 
creaſed or diminiſhed, by leſſening or increaſing their diſtances. 


32. Light is not only diverted out of its courſe by the reflection of 
bodies it meets with, but alſo a great part of it is frequently ſuffocated, 
or as it were deſtroyed by them. For it is manifeſt, that black or dark 
bodies reflect much leſs light than others of darker colours ; and it is 
probable, that no bodies whatever reflect all the light they receive “. 
Hence the ſurface of the moon having in it ſeveral large dark ſpots, the 
quantity of light we receive from her muſt be leſs than according to the 
computation in Art. 29. 

33. Hence the power of the eye to diſcern objects without inconve- 
nience, by different quantities of light, is vaſtly extenſive. For not 
only objects of different colours placed in the fame light, are ſeen with 
equal caſe ; but even objects ſo ſmall as the letters of a book may be 
diſtinguiſhed and read by a clear moon-light. And admitting the ſur- 
face of the eye's pupil to be ten times greater in a weak light than in 
a ſtrong light, yet the proportion of the weakeſt light to the ſtrongeſt 
by which the eye can conveniently ſee objects, perhaps does not exceed 
that of 1 to 10,000 f. How exquiſite are our faculties ! 


34. Defin. Any ſmooth or poliſhed ſurface, reflecting light, is called 
a Speculum. Reflecting ſurfaces that are fat, as a Looking-glaſs, are 
called || Plane Speculums ; and thoſe that are Segments of a Sphere, are 
accordingly called Spherical Speculums ; and as they are convex or con- 
cave as ECF, jig. 3, or fig. 4. they are called convex or concave Spr- 


eulums, 


35. N. B. There will be frequent occaſion to conſider the fines of 
incidence and refraction ; and therefore both for the fake of brevity and 


perſpicuity, 


aperture of the pupil at half the diſtance, is alſo 

uadruple : and tauis being equally ſpread over 
Gar times the ſurface of the retina, the light is 
juſt as denſe as before when the object was at 
twice the diſtance. 

* Light, whatever afterwards become of its 
component particles, ceaſes to be light as foon as 
its motion is ſtopt. Whether there be a decreaſe 
in the velocity of light, is impoſſible for us to 
know from any experiment. But it cannot well 
be doubted, that tince light is continually pro- 
p:guted {from the fun and other ſelf-ſhiaing bo- 
dies, ſo it mult allo ſuffer à continual watte and 
decay, to make room for tkete continual ſup- 
plics. 


+ By a well-contrived experiment M. Ponguer 


found full 2 at a medium to be about 
300,000 times weaker than the ſun's light. Vide 
the learned Dr. Smith's Remark 96. upon his 
compleat ſyſtem of Optics. But it is to be ob- 
ſerved, that ſæy light, which properly is day-light, 
is always much weaker than the direct ſun's light, 
and the degrees of it do not only differ conſi- 
derably, at different times of the year, but alſo 
frequently in the fame day ; and thoſe different 
degrees are not eaſily meaſured, ſo as to be re- 
duced to numbers. However, it is manifeſt 
that the difference of the degrees of light ſuit- 
able for viſion, is very conſiderable. 

|| Theſe are alſo called Mirrowrs, but Opti- 
cians generally make uſe only of the word Spe- 


culum. 
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perſpicuity, we ſhall often abbreviate theſe expreſſions, by calling the 

Sine of Incidence, I; and the Sine of Refradion, R. And when the 

ratio between theſe ſines is the only thing under conſideration, without 
regarding which 1s the ſine of incidence, or which the fine of refraction, 

we ſhall call the greater of theſe fines, m; and the leſſer of them, x. 

Hence, and from Art. 14. it the incidence is from a rare medium into 

a denſe, it will be I: R:: : n; and when the incidence is from a 

denſe medium into a rare, it will be I: R:: : . Tf the refraction 

be betwixt air and glaſs, m: :: 3: 2; if betwixt air and water, Art. 20. 
8:22 423. 

36. Lemma. Small arches and their ſines are very near in a ratio of 
equality *, and therefore have the ſame ratio to each other, as their 
ſines nearly; that is, if the Arches DO, 40, are but ſmall, it will be Fig. 2. 
DO: 40 :: DF: df nearly. And the ſmaller are the arches, the lefs © 
will be the error in ſuppoſing them equal to their fines. Thus, if the 
arch DO does not exceed 20 min. and the radius CD or CO be di- 
vided into 10,000,000 of equal parts ; the exceſs of the arch DO above 
its ſine DF will be leſs than one of thoſe parts. 

Alſo the verſed ſines OF, Of of very ſmall arches OD, Od are as 
the ſquares of the fines FD, /d of thote arches nearly. For OF: FD 
: FD: FP; and Of: Ad :: fd: P; but when the arches OD, Od are 
very ſmall, FP and fP will be nearly in a ratio of equality, and there- 
fore OF: Of :: FD* : d' nearly. 


SECTION II. 


Of the Reflection and Refraction of a Pencil of Rays at a 
plane Surface. 


F. 1. Of Reflection at a plane Surface. 


PROPOSITION 1, 


25, Pencil of rays diverging from a point Q, will after refleFion Fig. 5. 
by a plane ſpeculum BAC, diverge in ſuch a manner, that if 
the reflected rays were produced backwards, they would all meet in a point 
q, taken in the perpendicular QA to that plane produced, as far below 
A as Qs above it; that is, QAq is a ſtrait line, and q A AQ. 
2 Let 
* Mathematicians will at firſt fight underſtand vaniſhes, yet as by diminiſhing the arch the error 
this lemma ; and this is not a proper place to may be reduced to a leſs quantity than any af- 


prove propoſitions purely geometrical. And ſignable one, no objection can lie againſt it. 
tho" the lemma is never ſtrictly true till the arch 4 : 
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Let QB be any incident ray, and let QA, BF be each perpendicular 
to the plane or ſtrait line BAC, and make the angle DBF equal to 


11. I. the angle QBF; then will BD be the reflected ray. Produce DB 


backwards until it meets QA produced in 9; I fay q is the focus of all 
the rays diverging from Q upon BAC, and that Agz=AQ. For BF, 

> Conſtruct, Q being parallel, the angle QBF== L BQq== *"FBD=—=cBqQ; 

29. IZEucl. wherefore the right-angled triangles BAQ, BAg having beſides the 
right angles at A, the Zs BQA, ByA equal, and the fide BA common; 

26. IEucl. the ſides AQ, Ag are alſo equal. The ſame argument holds good with 
reſpect to any other incident ray, as QC ; and therefore all the rays di- 
verging from Qs will after reflection by the plane BC, belong to the 
focus 9. Q. E. D. 


238. Corol. 1. Hence, and from Art. 13. if q be the focus of incident 
rays, Q will be the focus of the reflected ones; that is, if rays DB, 
EC, Fc. converge towards the focus 9, they will all meet in Q after 
reflection. 


39. Corol. 2. If the ſpeculum BC be inclined a little, as into the po- 
fition ECK, fo that CH ſhall be a perpendicular thereto at the point 
C; the incident ray QC ſhall be reflected into CI, fo that the 4 ECI 
contained between the two reflected rays CE, CI at both poſitions of the 
ſpeculum ſhall be double the angle GCH, the inclination given the 
fpeculum. And hence, Any error in the figure of a ſpeculum, as well 
as any inclination given it, produces a double error in its effect. 


PROF. H. 
40. Images formed by the reflection of a plane ſurface, are equal and 


femilar to the objects; and are at the ſame diſtance from, and have a like 
fituation with reſpect to the backfide of the plane; that the objects are from, 
and have with reſpect to the forefide. "2% 
Fig.6,7,8. For the images p, 9, 7 of the radiating points P,Q,R being in the 
perpendiculars PB y, Q Aq, RCr to the refteting plane BC, and at 
* 27, IJ. the ſame diſtance from one fide of the plane, that the radiants are from 
the other; that is, ſo that Bp, Aq, Cr are equal reſpectively to BP, 
AQ, CR: And this being true of the images of every point of the 
object POR, it is manifeſt that the whole image p, 9, 7 is equal and 
ſimilar to the object P QR; and has a like fituation with reſpect to 
one ſide of the plane, that the object has with reſpect to the other. 
9. E. D. 


41. Corol. 1. If the poſition of the object PR, and of the eye e, 
be given, ſuppoſing the pupil of the eye to be only a point *, the parts 


In the figures the breadth of the pupil is from a larger part of the ſpeculum than it would 
taken in, and it is maniſeſt that it receives light do if it was no bigger than a point. And in the 
next 
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of the ſpeculum a, & which reflect to the eye the rays proceeding from 
any points P, R of the object, may be found by drawing from the cor- 
reſponding points p, V of the image the ſtrait lines pae, he. For the 
rays diverging from the points P, R upon the parts 4, %, do after reflec- 
tion belong to the *focus's p, v. 

Or the point @ of the ſpeculum which reflects to the eye at e, the 
rays diverging from P, may be found without having the place of the 
image Þ : Thus, upon the ſpeculum let fall the perpendiculars PB, eu. 
Now if à be a point from whence the reflected ray comes to the eye, 
the angles PaB, eau will be equal. Wherefore PB: Ba :: eu : au; 
and therefore PB + eu : Ba+ au (Bu) :: eu: au. Aﬀer the ſame 


manner may be found the point &, which reflects to the eye a ray which 
came from R, &c. 


42. Corol. 2. The eye at e will ſee the whole object POR by rays 
reflected from the part of the ſpeculum contained between a,b, and 
from no other part; all the reſt of the ſpeculum in this caſe being uſe- 
leſs. But if any part of a6 be covered, ſome of the image will 
be accordingly loſt. If either the eye or the object change their poſi- 
tions, the rays that come to the eye will be reflected from a different 


part of the ſpeculum, which part may be found as in the preceding 
Article. 


43. Corol. 3. The diſtance of any point of the image from the eye, 
is equal to the incident and reflected rays taken both together; that is, 


pe, or re, is equal to Paae, or RS e. And tho' with reſpect to 


the different ſides of the ſpeculum, the object and image have a like 


13 


ſituation; yet to a ſpectator who firſt looks at one and then at the other, 


the caſe will be different. 


44. Corol. 4. If ab be the breadth of the ſpeculum, and e the place 


| of the eye ; the breadth of the images that can be ſeen by the eye at 


e, will be contained between the lines ea, eb produced indefinitely. 


And therefore having the diſtances and ſituations of objects before the 


| ſpeculum given, the extent of thoſe that are viſible by the reflection 
of a ſpeculum having a given breadth, may be found from the extent 


of the viſible image. 


45. Corol. 5. The nearer is the eye, and the leſs oblique to the ſpecu- 


lum, the greater will be the field of viſible images. 


46. Corol. 6. If an object PR be placed parallel to a plane ſpecu- 


lum BC, and two lines as Pp, Pr be drawn from any point P thereof 
to the extremities of its image pr ; the part BA of the ſpeculum in- 


cluded 


next article, the eye will ſee the object by rays The differences in both caſes is manifeſt from the 


effected from a ſmaller part of the ſpeculum, figures, 
Luan it could do if its pupil was only a point, 


5 


Fig. 6. 
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Fig. , 10. 
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cluded between theſe two lines will be equal to half the length of the | 


object or of its image pr. For the triangles PBA, Pyr being ſimi- 
lar, and PB being equal to half Pp, it will be BA = + pr = 5 PR, 
Whence 


47. Corel. 7. A perſon viewing himſelf in a plane looking-glaſs 


laced upright, will fee his image compleat in a part of the glaſs, whole | 
Eagch and breadth is equal to half the length and breadth of the cor- 
reſponding parts of his own body. And this will be always the caſe at 


whatever diſtance he ſtands from the glaſs. 


48. Corol. 8. * A ſpectator will ſee his .own image as far beyond the | 


ſpeculum, as he is before it; and as he moves to or from the ſpeculum, 


his image will at the ſame time, move towards or from him on the other 1 
fide, but apparently with a double velocity, becauſe the two motions 


are equal, and contrarily. In like manner, if while the ſpectator is at ©! 


reſt, an object be in motion, its image behind the ſpeculum will be | 
ſeen to move at the ſame rate. And if the ſpectator moves, the ima- 
ges of objects that are at reſt will appear to approach or recede from 


him, after the ſame manner as when he moves towards real objects. 


49. Corol. 9. Whatever has been ſaid of the image of any object, or 
primary radiant, holds alſo true of the image of another image, &c, * 
whence by two + plane ſpeculums duly placed, a multiplication of images 
may be made; and the diſtance of any image will be equal to the 
length of a ray propagated from the primary radiant through all the in- 


termediate reflections to the eye. 
2 


9. 2. Of Refraction at a plane Surface. 
PROP. III. 


50. If Q be the focus of incident rays upon à refracting 7 BAC, 

F need be) r 
to that plane, fo that Aq ſhall be to AQ, as the ſine of incidence to the * 
fine of refraction; or if it be made R: I:: AQ Aq, the point q vill 
be the focus of thoſe rays that are neareſt to the perpendicular QA after 


and a point q be taken in the perpendicular QA (produce 


refraction: that is, if the points of incidence B, C of the rays QB, QC ci 


are not remote from A; the refratted rays Be, Cf produced backwards ; 


would meet in q nearly. 


Let QC be any incident ray, and C/ the refracted ray, which pro- ? # 
duce backwards until it meets the perpendicular AQ ſomewhere, as in 9. 
Through the point of incidence C draw EH parallel to QA ; then will g th 
29. I. Eucl. QCE="AQC be the angle of incidence, and HCF = Ag be 4 5 
angle . 


It is here preſuppoſed that images formed by rience. Vide Book II. Sect. 3. 
plane ſpeculums, appear in their true places; and + Viade Ibid. 
this ſuppoſition is confirmed by univerſal expe- 
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f the angle of refraction. And in the triangle QgC, it will be 4s the fine of 
ſimi- ® the Z CQ7 (AQC), is 79 the ſine of the 4. CqQ AAC) ſo Cꝗ te CQ: 
PR. that is, I: R:: Cg: CQ. But when the angle of incidence AQ is v Conftrud. 
very ſmall, it will be Cq: CQ FAg : AQ nearly; that is, I: R:: 
glas A AQ nearly. And the nearer any incident ray as Q&, or Qa is to 
oſs the perpendicular QA, the nearer will the ſides gb, Q, or 9, Qg 
or. of the As Qqs or Qg9e approach to a F ratio of equality with gA, QA 
-aſe at until at length they coincide. And therefore the point q found as above, 


is without ſenſible error, the focues of the refracted rays. Q. E. D. 
51. Corol. 1. If q be the focus of converging rays (eB, FC, Sc.) Q 


* will be their focus after refraction. 

the: 52. Corol. 2. Becauſe Ag : AQ :: I: R; it will be, 1 
otions © Q (AY AQ): Ag:: m- (I R): A or (I) according as the in- WY 

r is at eidence is into a rare or denſe medium. And it the point of incidence 

vill be © of a ray QC is ſo near to A, that the angles and their fines may be rec- 

e ima. koned proportional, it will be 

> from © 12 (I) : m—n :: C Incidence AQC : refracted 1 Q cqz=zbCf. 

eds. 53. Corol. 3. The image q of a ſmall object Q placed under water is Fig, 10. 
ject, or one fourth nearer to the ſurface than the object. And hence the bot- 1 
e, &c. tom of a pond of water is one third part deeper than it appears to a pres not N 
images ſpectator above. For Ag being æ of AQ; 9qQ is of Ag. This may . 20 & 21, 
to the be an uſeful caution to perſons who are not ſwimmers, to prevent their 


the in- > plunging out of their depths unwarily ||. 

Hence we have the reaſon of the common phenomenon of a ſhil- why 2 ob- 
ject at the 
Suppoſe the veſ- — 


ſel empty, B& its fide, and Q the object at the bottom: If the eye be Pers ele. 


I ling or other object placed in an empty veſſel, appearing to be elevated 
higher and higher as the veſſel is filling with water. 


at e, the object will be hid by the fide B&; but by filling the veſſel = a allo 
BAC, with water, it will become viſible, and be ſeen at 9, the ray QB being with water. 
eed be) refracted into Be. And if the eye be fo placed as to ſee the object at 
to the 7 Q when the veſſel was empty, while it is filling the object will appear 
q will to riſe gradually in the line Qg. | 
A after Faq. Corol. 4. If the refracting medium is glaſs, and the angles of in- Fig. 9, 10. 
B, QC? cidence and refraction as AQC, AqC be fo ſmall as to be reckoned 
ard, proportional to their fines; the refracted angle QCq = ch, that is, 
the angle contained between the incident ray produced and the refract- 
pro- ed ray, will be ' of the greateſt of thoſe angles, and 4 of the leaſt of 20 & 32 J. 
as in g. them. And hence if the angle of incidence be increafed or diminiſhed, 5 
ck w the refracted angle will be increaſed or diminiſhed by 5 of that augmented 
> be the or 
angle * By the known rules of Trigonometry. into water, unt'l the part immerſed appears of 
> + This is maniteſt from an inſpection of the equal length with the Fs above; tele two 
© houres, parts beiug meaſured, will be found to be to one 


5 Ia ſtrait ſtick be immerſed perpendicularly another, about as 4 to 3. 
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Fig. 13, 14. 
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or diminithed part, if the incidence is from air to glaſs; and by if the * 


incidence is from glaſs to air. 


55. Corol. 5. Hence, and from Art. 39. the aberration ariſing from 


a fault in the figure of glaſs, if a ray be refracted, and the refraction be 
from air to glaſs, is but of the aberration of a reflected ray: And the 
aberration of refraction from glaſs to air is + of the aberration of reflec- 
tion; the angle of incidence in both the caſes of reflection and refrac- 


tion being the tame. And if the medium is water, the aberration of 


refraction will be + and + of the aberration of reflection ariſing from a 
fault in the ſurface. 


56. Scholium. When an incident ray as QC is oblique to the plane re- 


fracting ſurface AC; the proper focus x of the refratted ray CD, will 


2 50. I. 


be farther from Q than the geometrical focus q ; that is, Qx is always 


greater than Qq. And the more oblique is the incidence, that is, the 
greater is the angle AQC, the greater will be the aberration qx of the 
point x from q, the focus of thoſe rays that are next to the axis or perpendi- 
cular QA. In each figure ſuppoſe a ſtrait line drawn from q to C. 


Now if q be ſuppoſed to be the focus of the refracted ray CD, it ought EZ 
to be, AQ: Ag :: CQ: Cy: I: R. But it is manifeſt that theſe 


ratio's are not equal. For if QA, and gA be made radius's, CQ, and Cy 


will be the ſecants of the unequal angles AQC, AgC. And becauſe it 


Fig. 13,14. 


4. VI Euc. 
- » Conſtruct. 


muſt be AQ: Ag :: CQ Cx, it is manifeſt that in fig. 13. Cx is 


greater than C; and in fig. 14. Cx muſt be leſs than Cy; and in both 
caſes Q x is greater than Qgq. And it is manifeſt alſo, c £4 the greater 
is the angle AQC, the greater will be gx. Therefore, &c. Q, E. D. 


. 


67. The focus Q of any incident ray as . 2 4 e plane 
refracted ray pro- 


duced backwards would cut the axis or perpendicular QA (produced if 


AC, being given; to find the point x where t 


need be) to the refracting plane. 

In the perpendicular AQ, take the point q ſuch that AQ: Ag::R : I; 
and through the point 4 parallel to the refracting plane AC, draw the 
indefinite line 7. Let ? be the point where CQ_ (produced if need be) 


cuts the line 91. From the center C with the radius Cf deſcribe the 


arch fx, and the point x, where this arch meets the perpendicular AQ, 
is the focus of the refracted ray CD. For the W triangles 
QAC, Q 9? being ſimilar, it will be CQ: Q:: AQ: Qg; and there- 
fore Cf (CQ QF Cx: CQ Ay (AQ Q): AQ: I: R. 


and conſequently the 4 Ax C HCD is the angle of refraction . 


Therefore, &c. , E. I. 


The author of this elegant conſtruction was Dr. Barrows. 
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Or the proper focus x of the refracted ray CD, may be otherwiſe 
found, thus: ſay, 

I: R:: Sine C AQC : Sine Ax C; or R: I:: C-ſecant AQC: 
Coſec. Ax C. then, Co-tangent AQC : Co-fangent Ax C:: AQ: Ax. 

58. Lemma. The verſed ſines of very ſmall arches of unequal circles, Fig 13, 14. 
having the ſame right ſine common to them all, are reciprocally propor- 
tional to the diameters of theſe circles, very nearly. 

From the centers Q, x deſcribe the arches Ca, Ch ; then will Qa 
QC, and x = xC. ſay the verſed fines Aa, Ab of the unequal 
arches Ca, Cb having the fame right fine CA, are reciprocally as the 
radii Qa, x nearly. | | 
For Aa: AC:: AC: 2AQ - Aa; and, 213. VI. Eu. 

Ab: AC:: AC: 2Ax + Ab; therefore, 

Aa: Ab :: 2Ax+ Ab: 2AQ + Aa. 
But when Aa and Ab are but ſmall in proportion to the diameters 
2Ax + 2A6b, 2AQ + 2Aa, it will be without ſenſible error; Aa: 
Ab :: 2Ax+2Ab : 2zAQ + 2Aa. And the two laſt terms being 
divided by 2, it will be Aa: Ab :: x6 : Qa nearly. Q. E. D. 


59. Corol. Aa: Ab :: I: R nearly; and therefore Aa = = Ab; 
and Ab => Aa. In fig. 13. Aaz=Z Ab; and in fig. 14 Aa = Ab. 

60. Schol. The aberration & is always in the ſame ratio to As the 
verſed fine of the angle of incidence nearly. And qxz==Aa—— Aa 


nearly, For, 


Casr 1. When the incidence is into a denſe medium; it will be, Fig. 13. 
1: :: 2 AQ: Aq :: AQ Aa (CQ): Ag+ t=Aa = * Cx = 
bxz=Ax+Ab., Wherefore Ax = Ag +—Aa — Ab; and conſe- ru F 
quently gx===Aa—Ab="=Aa ——Aa. &. E. D. ves. 1 

CAs 2. When the incidence is into a rare medium; it will be, ; 
m:n:*AQ:Aq:AQ+Aa(CQ): AAT = C= "br Fi 14: 
Ax +Ab; wherefore AgzzAx+ Ab —— Aa; and therefore gx = 
Ab——Aa== Aa — Aa. L. E, D. 


61. Corol. Hence, and from Art. 20. when the refraction is between 
glaſs and air, the aberration gx is C of Aa, the verſed fine of the angle 


. * : m : 
of incidence; for — — = = 4 —4==2 — 2 =£5. In like manner 
when the refraction is between air and water, * rr Aa. 
D PR OP. 


+ For : :: Ar: Aa. 


2 
cy” 
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Nor. V. 


62. Images formed by refractions at plane ſurfaces, are erect, or alike 
ſituated with the objects, and on the ſame fide of the refracting planes. 
Fig. 11,12. From each point P, R, &c. of an object PR radiating upon the re- 
fracting plane BC; upon the ſaid plane let fall the perpendiculars PB, 
RC, Sc. Now if in the ſaid perpendiculars, the points p, , &c. he fo 
taken that R: I:: BP: By:: CR : Cr, Sc. the points p, , &c. fo 
50. I, found will be the images of the points P, R, Sc. and therefore all theſe 
points connected together, will give the image pr of the whole object 
PR. Whence the whole of the propoſition is ſelf-evident. 


63. Corel. 1. If the object be rectilinear, its image will be fo too; 
and the correſponding parts of both will be ſimilar. All other objects 
and their images, will be ſimilar, if they lie parallel to the refracting 
plane ; otherwiſe not. For if they be oblique, the image of a ſquare 
may be an oblong ; and the image of an oblong parallellogram, may be 
a ſquare ; as is manifeſt from the preceding, and the inſpection of the 
figures. | 

64. Corol. 2. If e be the pupil of the eye, the points P, R of the 
object will be ſeen by rays ae, be diverging from the focus's p, r nearly. 
When the eye is ſo ſituated that the axis of the pencil entering the 
pupil is perpendicular to the refracting plane; the focus of that pen- 

50. I. Cil is accurately the correſponding point of the image. But when the 
rays of the ſaid pencil are oblique to the refracting plane, thoſe rays if 

6. I. produced backwards would unite in a point * farther from the object 
b than the correſponding point of the image; and the diſtance of that 
point from the image will be more or leſs, according to the greater or 

leſler obliquity of the rays to the refracting ſurface. And hence it is 


that objects in a different medium from that wherein is the ſpectator, 


generally appear a little diſtorted. 
65. Corel. 3. Objects under water, to a ſpectator above, appear one 


28 2 N 


fourth higher than they really are; and alſo ſome what diminiſhed, and | 


diſtorted, if they are not parallel to the ſurface. And to a ſpectator 
under water, objects that are above appear one third higher than they 
really are: And if they are oblique to the ſurface of the water, they'll 
appear ſomewhat magnificd and diſtorted. 


gig. 10. 66. Corol. 4. From what has been above delivered, we have alſo the | 


Wh » tit reaſon why a ſtrait ſtick S TO immerſed obliquely into water, appears 
4+ nomerl- bent at the ſurface : the end Q appearing in , and every other part 


* R 
Kater 


der. by the re fraction of the rays at the ſurface, being elevated in proportion, 


the whole ſtick appears under the form 8ST; that is, the part under 


water 
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water appears alſo * ſtrait, as Tg, the only bending being at the ſur- 
face T. 


&. 3. Of the Progreſs of Light through a Medium terminated 
by plane Surfaces. 


PROP. VI. 


67. A ray of light as QA, falling obliquely upon a medium terminated Fig, 15. 
by tee parallel plane ſurfaces RS, TV, will after its ſecond refraction at 
B, emerge in a line BC parallel to the incident ray QA. 
Produce the incident ray QA to D, and the emergent ray BC to E ; 
and through the points A, B draw the perpendiculars PAO, FBG to 
the ſides RS, TV. Now becauſe the ſides RS, TV are parallel, the 
ray AB within the medium is equally inclined to them both ; that is, 
the C OAB FBA; wherefore if theſe be conſidered as angles of *29.1. Euc. 
incidence, that is, if the ray be conceived to go both ways along AB, 
the Cs PAQ, GBC will be equal; and conſequently their oppoſite 13 & 16. J. 
4s OAD, FBE are equal; and taking away from theſe the equal 15. I. Euc. 
angles OAB, FBA, the alternate angles DAB, EBA will be equal ; 
and therefore QAD 18 "parallel to CBE. L. E. D. 427. I. Euc. 


68. Schol, It is manifeſt that the leſs is the thickneſs of the medium 
RV, or the leſs is the obliquity of the incident ray, the leſs will be the 
diſtance between the parallel lines AD, BC: And when RV is very 
thin, or the angle QAP is very ſmall, the ſaid diſtance will be fo inconſi- 
derable, that the ray QABC may without ſenſible error be reckoned 
as one ſtrait line. 

PROP. VII. 


69. If a ray QABC be tranſmitted through a medium RST terminat- Fig. 16. 
ed by two plane ſides RS, T'S inclined to one another in an angle RST; the 
emergent ray BC, will incline from the incident ray QA, towards the thickeſt 
part RT of the medium : And if the angle S, and the angles of incidence 
and refraction be ſo ſmall, as to be reckoned proportionable to their fines ; the 
angle of deviation QEq, contained between the incident ray QAE, and the 
emergent ray CBE g, produced till they meet in E, will be to the refracting 
angle RS T, as the difference of the fines of incidence and refraction is to 
the leſſer of them; that is, 4. QEq: 4 RST :: m—n: n. 

Let Aa, B& be perpendicular to the ſides RS, TS reſpectively, and 
produce them till they meet in D: Alfo produce the incident and 
emergent rays QA, CB till they meet in E. Now if it be made, 
m: :: Sine C aAE : Sine £ 4AB; and n: :: Sine CBA: bBg; 
7B produced will be the emergent ray: whence it is manifeſt, 


D 2 1. That 
For if perpendiculars be drawn from every the ſaid perpendiculars proportionably. Whence 
point of the ſtrait object T'Q to the plane ſur- from the 2 of the VI, of Euclid, it is eaſy to ; 
taceT A, the images of theſe points will divide all ſhew, that all theſe images lie in a ſtrait line. 
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2 Hyp. 


32. I. Zuc. 
© ConſtruR. 
412. V. Euc. 
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1. That the emergent ray BC, is more inclined towards the thickeſt 
part RT of the medium, than the incident ray QA : that is, the emer- 
gent ray CB produced backwards, lies between QA and 8. 

2. Becauſe / bBA : 2 bBq :: : :: DAB: 2 DAE; it will 
alſo be, CBA: 2 ABq (4 b6Bq—24bBA) :: n: n:: DAB: 2BAE 
(4 DAE—Z2 DAB). Wherefore 4 bBA = 7 DAB (= DA 
RS T): : ABqz#= 2 BAE (AE) ::“ n: m—n; that is, 

AEq:RST :: -: n. 2. E. D. 

70. Corel. 1. Hence the angle of deviation AE is invariable in all 

poſitions of the ray; that is, whether the incident and emergent rays 


are equally inclined to the refracting ſurfaces, as in Examp. 1. or, whe- 


Fig. 16. 


Fig. 18. 


90. L 
1g. I. Euc. 


Fig. 17. 


ther one of them is perpendicular to one of the refracting ſurfaces, and 
therefore the whole refraction is at the other ſurface, as in Examp. 2. or, 
whether they incline to different ſides of the perpendicular, as in 
Examp. 3. The angle of deviation AE in all theſe caſes will be the 
ſame, if the angles of incidence and refraction are ſo ſmall, as to be rec- 
koned proportionable to their ſines. 


71. Schol. Becauſe the angle AEq is leſs than 8, and arches have 
a leſs proportion to their fines, the ſmaller they are; the error ariſing 
from the ſuppoſition of the arches and their fines being proportional, 
will make the angle AEq have a greater ratio to the angle S, than that 
of mn - ton. And the leſs is the greateſt obliquity of the ray to either 
of the refracting ſides of the medium, as in Examp. 1. where the ray is 
equally inclined to each of the ſides RS, TS; the nearer will the ratio 
of the angle AE to 8, be to an equality with the ratio of - to n. 
And the converſe. But in moſt caſes the inequality of theſe ratio's need 
not be conſidered. 


72. Corol. 2. When the angles of incidence and refraction are ſo ſmall, as 
to be reckoned proportional to their ſines, the angle Q contained between 
two incident rays QA, Q upon a triangular priſm RS T, will be equal to 
the angle 9g contained between the emergent rays BC, EF produced back- 
wards till they meet in 3. For in the triangles Qob, goe, the angles 
Q, geQ contained between the incident rays QA, O produced, 
and the emergent rays BC, EF produced backwards, being *equal, and 
the vertical angles at o being equal, the angles Q, 4 muſt be equal. 


N 


73. If Q be the focus of rays diverging upon a medium AE, termi- 
nated by two plane and parallel fides AD, BE ; the focus q of the emer- 
gent rays will be between q and the medium: and Qq the diſtance be- 
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© tween the two focus's will be to DE the thickneſs of the medium, as 


mn to m. 
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Let QDE be perpendicular to the refracting ſurfaces AD, BE, and 


let QA be any incident ray not very remote from the axis OD. Now, 
if in the axis DQ produced, the point @ be taken ſuch, that D: 


Da :: : m; à will be the focus of the refracted ray AB. And if 3 5& 50. J. 
the point be taken ſuch, that aE : gE :: n: ½; q will be the focus 
of the emergent ray BC. Wherefore, 40 (D- 14D: :-: n:: 
4% (aE—gE) : 4E: : : DE (aE.) Whence 49 is greater : 
than aQ; and Q: DE :: n-: n. Q. E D. 19. V. Euc. 
74. Corol. When the refracting medium is glaſs, it will be Qq — 
+ DE nearly. 
75. Schol. The aberrations at the different ſurfaces, are contrary ways, 
and almoſt deſtroy each other. 
Let x be the proper focus of the refracted ray AB; y the geometrical 
focus of rays within the medium, whoſe focus of incidence is x, after 
their emerſion at the fide BE; that is, x E: yE :: M: n; and ir the 
proper focus of the emergent ray BC. Now the aberrations xa, yr 
are in the ratio of the fines nearly; that is, xa : yr :: : n nearly. ag 59, & 
But : :: XE: yE. Wherefore, > 
xE—xa (aE) : yE—yr (rE) :: : :: Ep: E. And therefore o Conſtruct. 
the point 7 coincides with q nearly. 2. E. D. 
Otherwiſe thus: produce QA to 5s, and draw At? parallel to QE, 
and fu parallel to QA; then will Q = At DE. Now the ray 
CB produced backwards to q is parallel to AQ ; and sf : Br :: *m:n,, J 
nearly, But Qz: gu::*5f: Bf; and therefore Qq : Qu :: M—n : m; 4 = I 
that is, the point q found as in the Prop. is without ſenſible error the . VI. Zuc. 
focus of the emergent ray BC. 2. E. D. 


1 


76. Having the focus of incident rays, upon a medium terminated by 
two plane fides inclined to one another in a given angle, to find the focus 
of the emergent rays. 

Let Q be the 3 of incident rays, QA, QD upon the triangular Fig. 18. 
priſm RST. Upon the fide SR (produced if need be) let fall the per- 
pendicular QG, and in this perpendicular take the point 4 ſuch that 
GQ: Ga :: n: m, then will a be the geometrical focus of the pencil » 0&3 5.1. 
of refracted rays AB, DE within the priſm. Again in the perpendi- 
cular aH to the ſide TS (produced if need be) take the point 9 
ſuch, that Ha: Hq :: M: n; and % will be the geometrical focus of 
the pencil of emergent rays BC, EF. Q, E. IJ. 


Tr 


Fig. 19, 20. 


973. 


Fig. 21. 
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from the focus's a, q may be found, as in Art. 55: The proper foci of the 
ſaid rays, will be in lines without, and ett to, the line aH; and the 


more oblique is the incidence of any ray QA or QD, the more remote 


will the focus's of the refracted rays be from the line aH. 


78. Corol. The line Qꝗ joining the focus's Q, q is parallel to the line 


GH, joining the points G, H where the perpendiculars meet the refract- 
ing ſides, RS, TS. 


oo We A © 
79. The image pqr of an object PQR, formed by the refraction of a 


medium terminated by two plane and parallel fides BC, bc; is ered, 
equal and parallel to the object, and on the ſame fide of the medium, but 


nearer to it by —— part of the thickneſs of the medium. 


Draw the perpendiculars PB QAa, RCc, Fc. from each point of 


the object to the refracting ſurfaces, then will the diſtances of the ſe- 


veral correſponding focus's Pp, Qę, Rr, &c. be each to the thickneſs 
of the medium Aa or Bb, &c. as *m—7n to mn; that is Qq = 


2s . 2E. D. 


80. Corol. When the refracting medium is glaſs, the diſtance between 
the object and the image will be + of the glaſs's thickneſs. 


81. Schol. 1. The image pg of an object PQ formed by rays refract- 
ed by a triangular priſm RST, may be determined by finding the 
images of each point of the object, after the manner ſhewed in Art. 76. 
Thus, from each point Q, P, &c. of the object upon the retracting 
fide SR (produced if need be) let fall the perpendiculars QG, PI, &c. 
and in theſe perpendiculars take the points a,b, Cc. ſuch that 7 : m :: 
GG: Ge:: IP : 15, Ec. 
the fide TS produced, let fall the perpendiculars aH, K, &c. and in 


theſe perpendiculars take the points , p, &c. ſuch, that : :: Ha: 


Hq::K4: Kp, &c. and the points 9, p, &c. thus found will be the 
places of the images of the points Q, P, &c. 

82. Schol. 2. From the conſtruction of the figure, it appears that 
the image is not exactly parallel to the object; nor are the object and 
image exactly equal as to length, and conſequently it they have any 


From the points a, %, &c. thus found, upon 
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breadth they will not be exactly ſimilar; for there will be no inequa- 


lity betwixt thoſe ſides and their images, that are parallel to the axis of 
the priſm. But becauſe of the great obliquity of the rays to the refracting 
ſides, the apparent images, or the images of objects ſeen by rays tranſ- 
mitted through two ſides of a triangular priim, will, in many caſes, be 


very obſcure and imperfect; and differ greatly as to likeneſs, ſituation, 


Sc. from thole found by theory. SECTION 


BY 
77. Schol. The aberrations of the rays AB, DE; and of BC, EF 
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EF | 
fthe SECTION III. 
d the i ; ; 
8 0 the Reflection and Refraction f Ligbt at à Spherical 

1 Surface. 

: $. I. Of Reflefed Rays. 

: 82. Defin. ET O be the center of the ſpherical reflecting ſurface Fig.22,23. 

1 or ſpeculum BAC, then will any line as OA drawn 

from O to the ſpeculum be "gy pry thereto ; and therefore be the 

| hos axis of a pencil of rays whoſe focus is any where in the ſaid perpendi- 
; * cular. Any line OA drawn from the center to the ſpeculum, is alſo 

called the Axis of the Speculum ; but more particularly that line, as OA, Axis, Focus 
int of is called the Axis which is drawn from the center to the middle of the * — 
1e ſe- ſpeculum. Let F be the geometrical focus of rays parallel to the axis, 
kneſs aſter reflection, or the focus of thoſe rays that are neareſt to it; then 
„is F called the Focus of the Speculum ; alſo the principal Focus, to diſtin- 

guiſh it from the focus of diverging or converging rays ; alſo F in fig. 22. 

is called the burning Focus, becaule it is the focus of the ſun's rays. - 
ween = 

Nr. A. 
frat | Hi 
> the 84. When parallel rays are incident upon a ſpherical ſpeculum BAC, Fig. 22, 23. 


4. 76. the geometrical focus F, of the reflected rays, will biſeft that radius OA, 

acting p which ts parallel to the incident rays. 

Se. Let Dh bean incident ray parallel to the radius OA, and from the 

„ : center O to the point of incidence B, draw the perpendicular OB, and 

upon produce it fig. 23. too; alſo in that figure produce DB to d, and 

nd in let BF be a ſtrait line. Now the angle of reflection OBE or 

Hoa: „B/ angle of incidence DBO or DBo =" angle BOF, therefore * 11. I. 

e the s OF FB. But when the triangle OFB is vanithing, that is *29.1. Zuc. 
when the point B is very near to A, FB will be= FA nearly, and there- 6. I. Euc. 

s that fore OF will be equal FA nearly. Therefore, &c. &. E. D. 


+ and 85. Corol. 1. If F be the focus of . incident rays, the geometrical 
e any focus of the reflected rays will be at an infinite diſtance ; that is, rays | 
1equa- diverging from the principal focus of a concave ſpeculum, or converg- 


is of ing towards the ſaid focus of a convex ſpeculum, will have the reflect- 

acting ed rays next the axis, parallel thereto. 

tranſ- 86. Corol. 2. When the angle of incidence DBO (= BOA) is con- Fig. 24. 
ſes, be ſiderable, that is, when the point of incidence B is at a ſenſible diſtance 

ation, from A, the reflected ray will interſect the axis in ſome point x, be- 

ION tween 
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tween F and the vertex A of the ſpeculum ; and the greater is the angle 


BOA, the greater will be the aberration Fx from the geometrical focus ö 
184. IJ. F. For Ox = *xB, and Ox ＋ xB is greater than OB or OA; and 


therefore Ox is greater than (z OA) OF. And it is manifeſt that the 
greater is the angle O, the more will Ox exceed OF. 

When the 4. O is 45, the 4 OxB will be 90 that is, the ray will 
be reflected along the right ſine BV of the angle O. If the angle O is 


60®, the triangle Ox B will be equilateral, and the point x will coincide | þ 


with A; that is, the ray will be reflected into the vertex A of the ſpe- 


culum. 


Fig.22,23. 87. Corol. 3. Hence, if F be the focus of incident rays, the rays that 
are remote from the axis, will after reflection by a concave ſpeculum 
converge ; and diverge after reflection by a convex ſpeculum. 


Fig. 24. 88. Defin. Let FA be the axis of a pencil to which the ray Bx be- 

Longicudinal longs; F the geometrical focus of that pencil, and x the proper focus 

ji net 2 of the ray Bx. At the point F upon the axis FA raiſe the perpendicu- 
lar FG, and produce it till it meets Bx produced in G. Now Fx is 
called the longitudinal Aberration, and FG the lateral Aberration, of the 
ray Bæ. 


FN 


Fig. 24. 89. Let DB be an incident ray parallel to the axis OA; BT a tangent 4 


at B to AB; then will OT be the ſecant of the angle O = DBO the 
angle of incidence. I ſay, the ngitudinal aberration Fx of the reflected 


ray Bx, is equal to half AT the exceſs of the ſecant OT of the angle of | 


incidence above the radius OA or OB. 


« Contrut, For the 4 xBT · 0 — LO(=OBx) and alſo thez.T'="90*— © 


32. I. Eucl. O; and therefore x T K&B xO. Wherefore (becauſe OT = 


56. I. Eucl. 20x = 20F AT) Ox = OF +Z AT; that is, Fx = + AT. | 


92. E. D. 


And thus having the angle of incidence given, by a table of ſecants 
we have Fx; or, in the triangle Ox B, we have OB and ell the angles, ; 


to find Ox, 


90. Corel. 1. When the angle of incidence is not very large, the la. 


6 B* 


13. VI. Eu. teral aberration FG = 9 nearly. For VA or AT = 278 nearly, 4 


20A 
VB* 


and 10 Fx =763 nearly. But FG : Fx (784 : VB: xV —=4 OA 14 


nearly. Therefore, &c. 


1. Schol. 1. When the angles of incidence are not very large, the 2 
lmgitudinal aberrations will be as the ſquares, and the lateral ones as the F 


cubes, of the ines of theſe angles, nearly. 


3: 

Draw 0 
een 
. 7 4 
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ngle Draw the right fine BV. Now the right-angled triangles OVB, BVT 
ocus being ſimilar, it will be, 

and OV (OA—VA): VB:: VB: VT; But when the arch AB is very 
; the (mall, VA will be incomparably leſs than the invariable quantity OA; 
and therefore a ſmall augmentation or diminution of the arch AB, will 
will! not ſenſibly affect the firſt term OV; whence VT will be as VB*, 
O is nearly. Alſo in this caſe, VA is nearly equal to AT; for VA (OB— 
icide OV): AT (OT — OB) :: OV: OA; and therefore Fx (=4 VT 
pe- nearly) will be as VB* nearly. E. E. D. | 
Again, If whilſt the C O is increaſing or diminiſhing, F x be ſuppoſed 
that to remain in variable; FG will be as VB, for the As x FG, xVB are 
um ſimilar : And if during the augmentation of the 2. O, the C x be ſup- 
| poſed to remain invariable, or that BG moves parallel to itſelf ; FG will 
x be- be as Fx, that is, as VB. Whence it is manifeſt, that fince Fx and the 
focus angle x are together both increaſed or both diminiſhed, FG will be as 
dicu- VBX VB“; that is, as VB* nearly. Q. E. D. 
Fax is 92. Schol. 2. When the arch AB has a ſenſible magnitude, the in- 
f the * creaſe or diminution of VT will be greater than in the ratio of VB., 
and that of VA will be leſs than that of AT (which is always as F x), 
and therefore that of V T will be leſs than that of Fx: And conſequent- 
2” ly the ratio of Fx is {till greater than that of VB“; and therefore alſo 
ngent the ratio of FG (which with reſpect to Fx increaſes or diminiſhes as 
O the VB. to VB?) is greater than that of VB*. However in moſt caſes, 
fected VB and VB? are ſufficiently accurate for eſtimating the ratio's of 
gle of > the aberrations, of rays reflected from different diſtances from the axis. 
„ 93. Corol. 2. The rays that are neareſt the axis, are reflected much 
— 2 cloſer together, than thoſe that are remote: And therefore the burning 
"- focus of the ſpeculum, or the point in the axis where moſt rays are col- 
lected together, will be in F, or very near to F. 
Ns f It is alſo eaſy to conceive, that the reflected rays are denſer or cloſer 
"_ together between F and the ſpeculum, than they are at the ſame diſ- 
Ng, > tance from F on the contrary fide. 
he la- 3 PROP. XIII. 
nearly, 94. Let QA be perpendicular to the ſpherical refleting ſurface BA, Fig 23 
"ok = whoſe n £ principal focus 2g let Q be L of in- 2 8. 6 
T ident rays : Now if it be made FQ FO :: FO: Fq; and the point q 
= ve placed the ſame way from F that Q is from F, the point q will be 
e, the ble geometrical focus of the reflected rays. 
; as the Let B be a point of incidence not remote from A, to which from 
the center O ne the perpendicular OB, and parallel to the incident 
Draw and reflected ray QB, Be, draw the lines Oa, Ob; then will the tri- 


» 0 | 


E angles 


&® 
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29. I Evc!. angles QO, O49 be * fimilar, and therefore Qs : Ob :: O: ga. 
Fo VI.Zuc. Now the triangles OEB, OaB having the common baſe OB, are equi- 
1. I. crural and alſo equal to each other ; (for the Z þBO = *OBa, and the 

alternate C aOB=="4BO, alſo 0B S *aBO) and therefore when 
theſe triangles are vaniſhing, that is, when B comes to A, the ſides O, 
Og will be each = OB== OF, and the points 5, 4 will coincide 3 
with F: Wherefore it will be QF : OF :: OF: F. 9. E. D. 3 
The figures ſerve tor the caſes of a convex as well as for a concave * 
ſurface, by ſuppoſing the incident and reflected rays to be produced 
backwards through that ſurface. 1 
[94.] Corol. 1. QO(QE = OF or OF=QF): OF :: 90 (OF << ij 
gr or gFZ= OF): F. Allo Q: Q (== O or g0o = QO9):: | 
OF (AF): A4(AF2=9gForgF2=AF.) F 
95. Corol. 2. If q be the focus of incident rays, Q will be the focus of + 
the reflected ones. Compare together fig. 25, 27 ; and allo fig. 26, 28. 5 
90. Coro. 3. Concave and convex ſpeculums (that are ſegments of c 


the ſame ſphere) are juſt oppoſite in their effects; that is, rays falling « 
upon them the juſt contrary ways, will have the ſame focus after re- 
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flection. 0 

97. Corel. 4. Both the focus's are united in O; that is, when one is o 
Fig.25,27. . 4 

in O the other will be alſo in O, and their motion from O is the con- P 

trary way, but with a very different velocity; the one being continual- a. 

ly retarded or accelerated, as the other moves uniformly from or towards di 


F: So that when one is in F, the other will be at an infinite diſtanze 7 

(for when QF or F is infinitely little, the other muſt be infinitelß 
great.) And when (fig. 25.) QO Ob, Ogq will be = gF (for then 1 

OF==2OF; and therefore gF== 45 OF). So that an image moves as q 

far, whilſt the object moves back from the center of a ſpeculum half 76 

the length of the radius of the ſpeculum, as it would afterwards, if the J 

object ſhould proceed to an infinite diſtance. 3 


Fig.26,28, 98. Corel. 5. When one of the focus's is between F and A, the 
other will be on the contrary ſide of the ſpeculum : Alſo their motions 
will be contrary, as before; that is, as one moves towards or from the 
ſpeculum on the one fide, the other will alſo move towards or from be 
the ſpeculum on the other fide; but with a different velocity: For 
when one is in F, the other will be at an infinite diſtance, and yet they Il 2 
both arrive at A, which; is the place where they ultimately unite, in the 
ſame time. When one is halt way between F and A, the other will E 
be within twice that diſtance of A on the other fide. The motions 
of the two focus's on each ſide of A, being exactly like to their motions 
on each ſide of O, in the Preceding Corollary. 7 
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99. Carol. 6. If the focus of incident rays, diverging upon a concave-Fig.2 5,27. 
5 ſpeculum, or converging upon a convex ſpeculum, be farther from the 
f peculum than its principal focus F; the focus of the reflected rays will 
hen be alſo on that ſame ſide of the ſpeculum; that is, the rays reflected 
3 by the concave ſpeculum will have a real focus, and thoſe reflected by 
\cide the convex ſpeculum will diverge from an imaginary focus: And the. Fig. 26, 28. 
= contrary happens, when the focus of incident rays is between F and 
cave the ſpeculum; that is, the focus of the reflected rays will be on the 
uced bother fide of the ſpeculum; the rays reflected from the concave ſpe- 
culum diverging from, and thoſe reflected by the convex ſpeculum con- 
verging towards, that ſaid focus. 


100. Corol. 7. When the focus's Q, q, lie on the ſame ſide of the re- Fig. 23, 27. 
flecting ſurface; if the incident rays diverge from Q, the reflected ones 
will converge towards q ; and if the incident rays converge towards Q, 
us of the reflected ones will diverge from . But when the focus's Q, g, are Fig 26,28. 


28. on contrary ſides of the ſurface : If the incident rays diverge from, or 
ts of 3 converge towards Q, the reflected rays will accordingly diverge from or 
ling F converge towards 9. 


r rer 101. Schol. When Q is in O, all the rays reflected by the ſpe- 
culum will either accurately converge to O, or diverge from O, with- 
ne is out any aberration. But in all other caſes, the focus , found as by the 


con- Propoſition, will be the focus of thoſe rays only that are neareſt the 

nual- axis; all others after reflection, interſecting the axis at a leſſer or greater 

vards 3 diſtance from 9, as their incidence is leſs or more oblique, 

tande 

nitely 2 FR OF. . 

then | | | 

ves as 102. Having the focus q and the point of incidence B, of an incident Fig 27,28, 


n half ray qB, together with the geometrical focus Q of the reflected rays; to 

if the nd the proper focus V, of the ray q B after reflection, it will be 
40 = 4 ſecant of AB x Radius GA: q = Nad. x + ſec. of AB:: 

„ the WF OQ : OY. 


otions BF Parallel to the incident and reflected rays gB, BY, draw the lines 

m the 0, Oa: draw alſo the tangent B-, and parallel thereto through the 

from point @ or 6, draw the line ade; then will ad biſect OB at right angles, 

: For For the A OB or OB *is equicrural; and therefore Oe ef = Conſtruct. 
they'll z ſecant of the arch AB. Now, „2. VIEvc. 
in the qY : OY :: B: (Ob) B:: t: et; and therefore, 


er will q ge (qt == et) : Oe (Set) :: 0 (qY=OY) : OY; Allo 
1otions BY OF : gF 2 : 9O ; Wherefore, <[94.] I 
1011005 BY ge x OF: OexgF :: 0 x QO : OY x qO::) OQ: OY; that is, 

99 9 20 . ſecant x 4 Rad.: 70 Rad. x + fecant :: OO: OY. EB. D. 


1 


28 


Fig. 27. 


Fig. 28. 
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Or, the point Y may be found by Trigonometry, thus: In the A 
9OB, are you the ſides 0, OB, and the C included 0, to find the 
2 BO: in the A OBY will be given the fide OB, and all the 
angles, to find OY. 


103. Corol. 1. OQ is to Q, as the firſt term is to the difference of 
the ſecond and firſt; that is, OQ ; Q:: ge OF: Oe x qF — 
ge x OF. 

104. Corol. 2. If YB is an incident ray, q will be its focus after re- 
flection. And if QB is an incident ray, its focus y after reflection will 
be ſuch, that the / qB y =QBY : and therefore the aberration Q 
being found, the aberration 4 H is alſo eaſily found. For in the A qgBy, 
we may have the fide 3B and all the Cs, to find gy. 


105. Corel. 3. OQ is leſs than OY. And therefore when both the 
focus's Q, e, are on the ſame fide of the ſpeculum, the proper focus V or 
, of a ray qB or QB after reflection, will be nearer he | ay as than 
the geometrical focus Q or . Alſo when the focus's Q,q are on diffe- 
rent ſides ; if the focus 4 of the incident ray be of the convex- ſide of the 
ſpeculum, the proper focus Y of the reflected ray, will be between the 
geometrical focus Q and the ſpeculum : But if the focus Q of the inci- 
dent ray, be between F and the ſpeculum ; the proper focus y of the re- 
flected ray, will be farther from the ſpeculum than the geometrical 
focus 9. | 

106. Corol. 4. When 9 (the focus of incidence) is in O, the points 
Q,Y,will both coincide with O : And the arch AB remaining the fame; 
the greater is Oq, if the focus's are both on the ſame fide, other wiſe 
the leſſer is Og, the greater will be the aberration QY ; and when OQ 
is infinite, QY becomes == Fx (fg. 24.) the aberration of parallel 
rays. And Oq remaining the ſame, the greater is the arch AB, the 
greater will be the aberration QX. 


107. Corol. 5. The arch AB remaining the ſame, the aberration Q 


continually increaſes, as the point Q or Y 1s farther removed from O 
towards A: And when it is greateſt of all, that is, when Q, and conſe- 


uently 9 is in A, it will be equal to twice the exceſs of the ſecant of 
the arch AB above the radius, nearly. 


Draw the chord AB, then will the Z. AB? be the complement of 
the angle of incidence, and conſequently the reflected ray will belong 
to the focus S; ſo that the Z SB? == ABzZ. And therefore AS — 
2 At nearly, is the aberration. 


108. Corol. 6. Becauſe ge x OF: F x Oe::*OQ : OY, And 
| gr : OF :: %: OQ; it will alſo 
be, 9e: Oe :: 0: OY; which is a very eaſy rule for finding the point 
J. 


Sger. III. OF OPTICS. 29 


> A v. That is, 0 . ſec.: + ſec. :: 90: OY, Allo 20 = 5 Rad.: 
the 1 Rad. :: 90: OQ. 
the 109. Corol. 7. To find the lateral aberration QG ; having drawn 
the ſine BV, it will be VV: VB:: QY : QG. Whence, the nearer 
> of the point X is to V, the greater is the % of QGtoQY. And 
— = whenYisinV, QG will be infinite. In like manner when the focus 
of the reflected rays, is farther from the ſpeculum than the center O, 
re. the farther it is from O, the leſs proportion will the lateral aberration 
il! bear to the longitudinal. 


5. 2. Of Images formed by rays reflecled at a ſpherical 


the 0 ; Star 7 Ace. 

* | PROP. xv. 

2 ; 110. Having the pofition of an object POR, with reſpect to & given Fig, 29 1. 
the pberical ſpeculum BAC; to find the image pqr. 32. 

. Through the center O of the ſpeculum, and as many points P, Q, 

{AR R, &c. of the object as are neceſſary, draw the lines POB, QOA, 

al ROC, Sc. and biſect the perpendiculars OB, OA, OC, &c. in E, F, 


G, &c. Then in theſe perpendiculars (produced if need be) find 
the points p, 9, 7, &c. by faying PE: OE :: OE: Ep; and QE: 
OF :: OF: Fq; alſo RG: OG:: OG: Gr, Cc. and lay theſe points 


1175 on the ſame ſide of the arch EFG, that the object is of; then will the 
00 poeoints 5, 9, r, &c. thus found * be the geometrical Foci after reflection, of 94. J. 
et thoſe pencils whoſe foci of incidence were the points P, Q, R, &c. 


* And by connecting theſe points orderly together, we ſhall have the 
nage pqr of the whole Object PR. 2. E. I. | 
After the ſame manner as the images of phyſical lines are found, by 
dividing them into phyſical points ; ſo alſo may the images of ſurfaces 
be found by dividing them into phyſical lines, and connecting together 
nſe- the images of thoſe lines. 
; In the figures, to prevent too great a confuſion of lines, there are 
drawn lines only from the extreams and middle part of the object ; 
but every other point of the object as well as theſe is underſtood to pro- 
| pagate rays of light to the ſpeculum. Alſo in the pencils beſides the 
| = axes, POB, QOA, ROC there are drawn only two rays Pb, Pb; Qa, 
(a; Rc, Rc; one on each fide the reſpective axes at a ſmall diftance 
trom them, the rays that are between theſe contributing moſtly towards 
allo BW forming the image; the others, whoſe incidence are more oblique, hav- 
ont ing their proper foci after reflection, at ſome diſtance from the geo- 105. I. 
a metrical Foci p, q, r. 
5 | 111. 


Fig. 29 to 


32. 


2110. I, 


30 
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\ 111. Corol. 1. The lengths of the object and image are to each other 
in the ratio of their diſtances from the center O of the ſpeculum ; that 
is, PQR por 2 OQ: Og. And 4 POR ——7 POr; that 18, the 
object and its image form both the ſame angle, at the center O of the 
ſpeculum. 


112. Corol. 2. When the object and its image are on different ſides 
of the center, as in fg. 29, 30. the image will be inverted : But when 
they are on the ſame fide, as in fig. 31, 32. the image will be erect. 


113. Corol. 3. A convex ſpeculum, fig. 32. cannot form a real image; 
nor a concave one, when the object is betwixt it and its principal focus, 
as in fig. 31. the reflected rays repreſented by 45, bb; aa, aa; cc, cc; 
in theſe two caſes diverging as from the points p, 9, 1 on the other 
ſide of the ſpeculum : And theſe alſo are the only two caſes where 
the image is erect. A real image, as in fig. 29, 30. being always 
inverted. 

114. Corol. 4. If the object PQR be an arch of a circle, concen- 
tric to the ſpherical ſurface BAC, its image pgr will be alſo a ſimilar 
concentric arch. And fo will alſo a ſpherical ſegment, formed by the 
rotation of the arch PQR round the axis OA, have a fimilar concentric 
ſegment for its image. 


11 5. Corel, 5. In all other caſes, excepting as in the laſt article, the 
object and its image will not be exactly ſimilar. But as a ſmall arch 
differs inſenſibly from a {trait line; ſo a ſmall ftrait object at a good 
diſtance from the ſpeculum, may be reckoned to have a ſtrait image 
very nearly. 

116. Schol. 1. The image of a ſtrait object is curvilineal, and its 
curvity is the ſame way with that of the ſpeculum *. And the nearer 
the object is to the principal focus F, fig. 30, 31. the greater will be the 
curvity of its image. 

Becauſe QE: OF :: OF: Fg; it will alſo be, 

QF : QO (QF £OF) :: OF: Oq (OFF). 
Alſo PE : PO :: OE : Op. Wherefore, | 
OF: QF :: Oq : OQ; and OF (OE): PE :: Op: OP. Whence 
it is manifeſt, that 

In fig. 29, 31. the ratio of Oq to OQ is greater than the ratio of Op 
to OP; And in fg. 30, 32. the ratio of Oq to OQ 1s lets than the 
ratio of Op to OP. And ſo will alſo the ratio of Oq to OQ be 
greater or leſs, as the caſe is, than the ratio of the diſtance of any point 


of the image from O, to the diſtance of the correſponding point of 
the 


* The learned Dr. Barrow, in his XVIIth Sections nearly. But it would be needleſs here 
Optical Lecture, hath ſhewed that the image of to purſue the ſpeculation of images any farther. 
a rectilinear olject is one or other of the Conic 
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the object from O: And conſequently the image qp is à curve, and its 
curvity is the ſame way ith that of the ſpeculum AB. And it is mani- 


feſt alſo, that the nearer the point Q 1s to F, fig. 30, 31. the greater 
will be the curvity of the image. Therefore, Sc. Q. E. D. 


117. Schol. 2. Since an object placed at any diſtance, and its image, 


31 


form both the ſame angle at the center of a ſpeculum ; the angle under 111. 1. 


which any very remote object appears, being given, it will be eaſy to 
find the diameter of its image. 


Let O be the center, and q the principal focus of the concave ſpe- Fig. 


culum A; and let the angle POR == por be that under which the 
ſun, or any other very remote object, appears to the naked eye. Biſect 


the angle pOr with the line Og ; then in the right-angled triangle Og-, 
or Oqp, we thall have the fide Og and all the angles, to find gr or qp—= 


the ſemi-diameter of the image. 


118. School. 3. The theory of the focus's of rays reflected by a ſphe- 


rical ſpeculum may be thus illuſtrated. Through the center O of the 


ſpeculum A, draw the indefinite line BD, and biſect OA in F; from 
the points O and A, divide the lines OB, AD into parts, each equal to 


OF or FA, marked by the figures 1, 2, 3, 4, 5 Sc. And from F 


take on each fide F1, Fx, Fg, Fr, Fr, Cc. each equal to the whole 


I» J / 5 


or 4, 4, 2, 2, Cc. of FO or FA. Now if in the line OB, the point 


1 Or 2, 3, 4, 5, Fc. be the focus of incident rays; the correſponding 
point 1 or +, 4, 2, 4, Sc. in the line OF will accordingly be the focus 


43 of the reflected rays. And, vice verſa, if theſe laſt be the foci of in- 


cidence, the others will be the foci after reflection. In like manner, 


if 1, 2, 3, 4, 5, Sc. in the line AD be the foci of incidence; 1, +, 4, 4, 


+, Sc. in the line AF will be the foci of the reflected rays. And, 


dice ver. So that the foci of incidence and reflection unite in O and 
A: And their motions from O and A towards B and F in the one caſe, 
and towards D and F in the other caſe, are exactly ſimilar; F being 
the focus of parallel rays in both caſes. 


119. If in a dark room a lighted candle be held farther from a con- 


cave ſpeculum than its principal focus F, as ſuppoſe at 2; its image 
will be ſeen diſtin, but inverted, upon a white paper held at the cor- 


: reſponding point 4. And if as the candle is moved towards or from 
| the ſpeculum, the paper be alſo moved fo as to retain the diſtin 


image of the candle, we ſhall have an ocular proof of the theory of the 
Foci of incident and reflected rays. When the candle is at O, the 


paper will be there alſo. But becauſe the image of an object placed 
between Fand a concave ſpeculum, or any where before a convex ſpe- 


culum, is on the other fide of the ſpeculum ; in either caſe the expe- 


riment of the candle and paper cannot take place. 


909. 


Fig. 
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Fig. 25 #0 
8. 


A TREATISE Book l. 


PROP. XVI. 


120. The fituation of an object, and the place of the eye, being given; 
fo find the vifible area, or how much of the object can be ſeen at one view, 
by rays reflected from a given portion or aperture of a given ſpeculum. 

Let PR be an indefinite object, E the place of the eye; BC the 
given aperture of the ſpeculum, and O its center. From E to the ex- 
tremities B, C of the aperture of the ſpeculum, draw the lines EB, 
EC; draw alſo the perpendiculars OB, OC ; and to the indefinite object 
PR, draw the lines BP, CR by making the angles OB P, OCR equal 
reſpectively to the angles OBE, OCE; then will PR be the viſible 
area required. For it is manifeſt that the rays PB, RC will be re- 
flected to E; and alſo that no rays diverging upon the ſpeculum BC, 
from points that are farther from the axis than P,R will be reflected to E; 
and conſequently that PR is the largeſt obje& that can be ſeen in the 


aperture BC from the point E. Q, E. I. 


Fig. 35,36. 


Fig. 37,38. 


Or, PR may be otherwiſe thus found: Draw the indefinite image 
pr, and having drawn the lines EB, EC, produce them, if need be, till 
they cut the image in the points p, r; then lines drawn from O to the 
1 2,7, and produced as the cafe requires, will give the limits of 


121. Coral. 1. When the object is farther from a concave ſpeculum 
than its principal focus; if E is farther from the ſpeculum than the 
image pr, the farther E is from pr, the greater will be PR ; for then 
the angles OBP, OCR will be greater; and the object will appear in- 
verted. And when E is in pr, PR will be diminiſhed to nothing. 
If E be between pr and the ſpeculum; the nearer E is to the ſpecu- 
lum, the greater will be PR; and PR will appear erect. 


122. Corol. 2. When the object is nearer a concave ſpeculum than 


its principal focus, or any where before a convex ſpeculum, it will ap- 
pear erect, wherever E is placed: And the nearer E is to the ſpeculum, 
the greater will be PR. 


123. Schal. In finding PR, no allowance was made for the breadth 
of the eye's pupil; but that is eaſily done by drawing lines from the 
extreams of the pupil to the points B, C; and this would make PR 
ſomewhat greater. But that nicety would be * for in ſome 
caſes the phenomena do not exactly agree with thi 
that will be given in the next Book. 
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glaſs BAC, parallel to the axis KOF; will after refraction 2 <2 T8 W 5 
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8. 3. Of the RefraFion of Light at a Spherical Surface. 


PROP. XVII, 
124. To find the geometrical focus of parallel rays, after refraction 


at a ſpherical ſurface, of any given refratting medium. 

Let BAC be a ſpherical refracting ſurface, whoſe center is O, and Fig. 39 76 
let the perpendicular K AOF to the refracting ſurface, be the axis of a 42. 
pencil of parallel rays. Now if in the ſaid axis the point F be taken 
ſuch, that AF: OF :: I: R; and the point F be taken on the ſame fide 
of A that O is of, if the incidence is out of a rare medium; otherwiſe 
on the contrary fide, the point F will be the focus required. | 

Let DB be any incident ray, parallel to the axis K OF, and through 
the point of incidence B, draw the perpendicular OBE ; then will the 
L DBE, fig. 39, 42. or its ſupplement DBO, fig. 40, 41. be the angle 
of incidence: And if BF (or its continuation BL, fig. 40, 42.) be the re- 
fracted ray; the 4 OBF, fg. 39, 40. or its ſupplement EBF, fig. 41, 

42. will be the angle of refraction. Wherefore in the triangle OBF, 

it will be BF: OF ::*I:R; And AF: OF ::* I: R. But when the Trigonom. 
arch AB is vaniſhing, BF will be equal to AF, and therefore the put * Fypoth. 
F is the geometrical focus of the retracted rays. Q. E. J. 


12 5. Corol. 1. AO: AF:: m-: I; and AO: OF :: m—n: E. 

126. Corol. 2. When the incidence is into a denſe medium, AO: G.... 
M—N:n; and AO: AF:: n-: . Allo OF: AF:: 2: m. 

127. Corol. 3. When the incidence is into a rare medium; AO: OF:: Fig. 41, 42. 
mM—1:m; and AO: AF:: m—n:n. Alb OF: AF:: u: 1. 

From Art. 13, 20, and 124, we have alſo the following Corollaries. 


128. Corol. 4. Rays in Air, falling upon the 12 8 ſurface of Fig. 39,40. 


% 
— 


diverge from 
a focus F , whoſe diſtance FA from the vertex A, is three times the ra- 
dius OA, of the arch BAC. 


129. Corol, 5. Rays in Glaſs, {OTE rom ta focus F, whoſe Fig. 39, 40 


8 converging towards 
diſtance from the vertex A, is three times the radius OA; do after re- 


fraction by the 223 ſurface of Air BAC, become parallel to the 
axis FO K. 


Pp 305 


A TREATISE 
130. Corel. 6. Rays in glaſs, parallel to the axis OAF ; do after re- 


|; concave ; converge to 
fraction by the Ph: ak 5 ſurface of air BAC, 3 diverge from 
F, whoſe diſtance from the vertex A is twice the radius OA, 


diverging from 


34 
Fig.41,42. 


Fig.41,42, 131. Corel. 7. Rays in air, ; converging towar i. a focus F, whoſe * 


diſtance from the vertex A, is twice the radius OA; do after refraction 
by the eme 5 ſurface of glaſs BAC, become parallel to the axis 


concave 
OAF. 
132. Corol. 8. Convex and concave ſurfaces, are juſt oppoſite in their 
effects: that is a pencil of parallel rays refracted by either, will have 
its focus at the ſame diſtance from the vertex, but on contrary ſides; as 


appears by comparing the figures 39, 40 ; and 41,42. together. 
133. Corol. g. Parallel rays, refracted by a 3 e e 5 ſurface of a 


CONCAVE 


| dare z medium, will have a real focus, as in fig. 39, 41: But being re- 
denſ- : : 
fracted by a 2 ſurface of a ergy medium, as in fig. 40, 42. 


the focus will be only imaginary. 

134. Schol. The point F is the focus of thoſe rays only, that are neareſt 
to the axis AOF ; all other rays as 45, whoſe incidence are more ob- 
lique, will have their focus at ſome point x, between F and A; and 
the more oblique is the incidence, the greater will be the aberra- 
tion F x. 

"124.1. For AF: OF ::*I: R:: bx: Ox; Now in fig. 39, 40. AF (= 

* Trigonom. OF -+ Ob) is greater than F; And in fig. 41, 42. AF (=OF—Od6) 
is leſs than F; and therefore in both caſes, OF is greater than Ox; 
that is, the point x is ſomewhere between F and A. And it is manifeſt, 
that the greater is the arch Ab, the greater will be the aberration Fx. 
Therefore, Cc. Q, E. D. 


P ROP. . 


135. The ratis of the fines of incidence and refraction, and the angle 
of incidence = AOb, of any ray db upon the given ſurface BAC, being 
given; to find the point x, where the refracted ray cuts the axis AOF ; 
And confequently to find the aberration Fx. 

Make, Sine, C AO5 : Sine Z Obx (or ec) :: I: R; and draw bx: 


Fig. 39 to 
42. 


Fig. 39 40 
42. 


Ox. And OF=Ox==Fx. 2. E. I. 


Book J. 


5 a focus. 


then in the A O&x, will be given the fide Ob and all the angles, to find | 
PROP. ik 
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35 
PROP. XIX. 


136. The hngitudinal aberration Fx, of a parallel ray incident 
upon the ſpherical ſurface of a denſe medium, fig. 39, 40. is to vA the 
the verſed fine of the angle of incidence; as nn to mm—mn nearly. 
And when the incidence of the parallel ray is upon a ſpherical ſurface of 
a rare medium, fig. 41, 42. FX: vA:: mm : mn—nn nearly. 

From the center x deſcribe the arch 4a, and let fall the perpendi- 


cular bv. 


Now, I. Ox: X:: OF: AF. Wherefore, 
2. Fx (OF — Ox): OF:: (AF—bxorax)Fxx=Aa: AF; therefore 


3. Fx: Aa (Fx Aa Fx) :: OF: OA (AFS OF) :: 126 & 
ju} . 127. J. 


4. va : VA :: OA: æà nearly: But in fig. 39, 40. æà is nearly 58 1. 
equal to x A; and in fig. 41, 42. xa is nearly equal to FA. Where- 
fore ſubſtituting theſe equals, it will be 
Ox /AxX—OAN  xb *®n . 
OF\AFA+OAJZ * AF n n. 
| Wherefore compounding the 3d and 5th ſteps, we ſhall have, 
Caſe 1, Fx: VA:: un: mm mn nearly; and 
Caſe 2. Fx : vA :: um: nn un nearly. 2. E. D. 


137. Corol. 1. The angle of incidence being the ſame, the aberra- 
tion Fx in fig. 39, 40. will be the fame; and fo it will alſo be in fig. 
41, 42. but the aberration in the two laſt figures will be greater than in 
the former. 


138. Corol. 2. If inſtead of , u, we put the numbers 3, z, which expreſs 
their ratio; we ſhall have in Caſe 1. Fæ vA; and in Caſe 2. Fx 
}vA: And therefore Fx in Caſe 1. is to Fx in Caſe 2. as 8 to 27. 


139. Corol. 3. Hence and from Art. 89, 91. the longitudinal aber- 
ration of a parallel ray incident upon a ſpherical reflecting ſurface, is 
to the longitudinal aberration of a parallel ray of a like incidence upon 
a ſpherical refracting ſurface, whole radius is the ſame with that of the 
reflecting ſurface ; in Caſe 1, as 3 to 8; and in Caſe 2, as 1 to 9; nearly. 


F 2 PROF. 


_ + When the arch AB is very ſmall xa, x A, increaſes, the quantities aſſumed for xa are 
greater than it, and therefore F x bears a greater 
proportion to vA than is expreſſed above. 


Conſtruc. 


5. Aa (VA va): vA:: 


Fig. 39, 40. 
Fig. 41, 42. 


ut as the arch 


136. J. 
591. 


Fig. 43 10 
48. 


4. VI Es. 
d Conltrutt. 


A TREATISE 


PROP. XX: 


140. The langitudinal aberrations are as the ſquares, and the lateral 


ones as the eubes, of the fines of the angles of incidence nearly. 

For, 1. The longitudinal aberration Fx is almoſt in a liſh "ratio tg 
the verſed fine A; and vA is as , nearly. 

Again, 2. The lateral aberration FG, whilſt the angle of incidence 
remains the fame, is in ſome certain ratio to Fx, that is, in a certain 
ratio to ; but as the angle of incidence increaſes or diminiſhes, 
FG does moreover increaſe or diminiſh as the fine of the Z FxG, that 
is, as bv; and therefore the whole increaſe or decreaſe of FG is as bv 
nearly. Therefore, Cc. Q, E. D. 


P NOF. . 


141. The focus of incident rays, either diverging or converging upon 
a ſpherical refracting ſurface, being given; to find the geometrical focus 
of the refratted rays. 

Conſtruttion. Let BAC be a ſpherical refracting ſurface whoſe center 
is O, and let Q be the focus of incident rays, (either diverging as QB, 


fig. 43, 45, 48. or converging as MB, fg. 44, 46, 47) : through the 


Q, O, draw the indefinite line Q Og, and let KB be a ſtrait line 
In the line QO produced, let F be the geometrical 
focus of rays parallel to the axis QOB, as x B; (that is, let it be -n: : 
AO : Of) ; and parallel to the incident ray Q B' or MB, through 
the center O draw the perpendicular 4065, and take OS Oy. Through 
the point 4 draw the line B, and produce it till it meets the axis Q 
produced in ; and will be the focus required. 

The focus muſt be ſomewhere in the line QOg, for this line being 
perpendicular to the ſurface, is the axis of the pencil whoſe focus of 
incidence is Q; the refracted rays alſo paſs through 56, for ô is the focus 
of rays parallel to the axis OSE. Therefore, Sc. Q. E. D. 


points 


parallel thereto. 


142. To find the fecus q by calculation: Take AF = Of, (or let | ; 


be the geometrical focus of rays parallel to the axis QOg, as KB), and 


fay QF : QA :: QO: Qꝗ; and hy the point q on the fame ſide of | N 


that F is of; and will be the geometrical focus required. 

For Os being parallel to 
and therefore 
ing, QB will be = 
ing theſe equals, it will be 


1 QA: 


Book I. 3 SEC 


QB, the triangles QBg, O09 are ſimilar, 1 
QB: O:: Q: 0. But when theſe triangles are vaniſh- 7? 
QA, and Ob= Of ="AF. Wherefore ſubſtitut- PR 


? ee 


fg Kkice of a denſe medium: Or, when the focus 7, of a ray ; 
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QA: AF:: Qg: 90; and therefore 


455 463 AF — A: QA * qO—Qgq : Qgq; 
47, 48; QA—+AF : QA :; QO: Qg; that is, in cach caſe, 


C, Al,. -A: QA :: Qg—90 : Qq; 
+ 15 


E n QA 2: 20 . Qg. E. D. 


143. Corol. 1. QF : AF (QAP QF) :: QO: O (Q Y QO). 
144. Corol. 2. Q: OF or Af (QOP QE) :: QA: A (QT QA):: 


oer AF (QAP N) (Ag 2 Af. ie. QF: OF(Af) ::QA: Ag :: 
* Of (AF) : g. 


145. Corel, 3. If q be the focus of incident rays, Q will be the focus 


of the refracted ones. 


146. Schol. 1. This propoſition may be diſtinguiſhed into the fix fol- 


Y lowing caſes. 


Caſe 1. When the focus $74, of a ray 175 5 diverging upon a Fig. 43. 


CONCAVE 


4 denſe 8 8 Ft. 
; 18 — 5 ſurface of a 3 ac 0 medium, is beyond 3 J 


Caſe 2. When the focus 127. of a 45 NB 5 converging upon a Fig. 44. 


CONVEY 


T ſurface of a 1 medium, is beyond 975 C 


. B diverging 7 a 
Caſe 3 4. When the focus Q,. of a ray 1 . A, upon a Fig. 45 


: ſurface of a denſe medium, is between F and A: Or, when 


CONCAVE 


1 B converges concave 
a ray S 5 upon a 3 ſurface, of a rare medium. 


B diverges CONVEX 


„ | MB converges convex 8 
Caſe TH; When a ray 7 diverges N upona 33 n 48. 
9B diverging 
NB converging 5. 


CONCAVE 


upon a , 5 ſurface of a rare medium, is between F and A. 
I CONVEX 


147. Schl. 2. The ſituations of the focus's Q, 9, in Caſe 1,2. in Caſe 


3.4. and in Caſe 5, 6. are alike; that is, 


148. Caſe 1, and 2. The focus's Q, ꝗ are on oppoſite ſides of the ſur- Fig. 4344. 
face BAC; and when Qis in F, 9 is at an infinite diſtance beyond /; 


and as Q recedes beyond F, ꝙ approaches towards 5, and at laſt co- 


incides with /, when Q is at an infinite diſtance, 
149. 


38 nee 


an infinite diſtance beyond F. 


Fig. 47,48. 150. Caſe 5,6. Qand are here alſo both on the fame fide, and the 
whole motion of 9 is properly from O to f; but Q may be either be- 


tween O and /, or beyond f: WhenQ is in O, 9 will be alſo in O. 
And if Q be between O and A, q will be between O and . 


151. Schol. 3. In all theſe caſes, the focus's Q, move both the ſame 


way. And the ſurfaces of the mediums remaining the ſame, Caſe 1, | : 


3, 5, and alſo Caſe 2, 4, 6. paſs from one into the other. 


152. Schl. 4. Convex and concave ſurfaces of like mediums ; as { 
alſo denſe and rare mediums with like ſurfaces ; are juſt oppoſite in 


their effects. 


153. Schol. 5. Whatever has been ſhewed as to the focus's 2˙ 1 4 


alſo applicable to objects and their images. And fince the axis's of all 


pencils do evidently interſect in O, it is manifeſt alſo, that the breadth f 


of the object will be to that of its image, * as OQ to Og. 


ſpherical refracting ſurface, its image will be alſo a ſimilar concentric 
arch. And fo will alſo a concentric ſpherical ſegment, have a fimilar 
concentric ſegment for its image. 
Fig.43,45. , But a ſtrait object PQ, will have a curvilineal image pq, whoſe cur- 
48. vity is the contrary way to that of the refracting ſurface BAC; as will 
be manifeſt by comparing the rules for finding the focus's 9, p. 
Alſo a ſtrait object (pg) within the denſe medium, fig. 43, 46, 47. 


will have a curvilineal image (PQ); but its curvity will be the ſame way 


with that of the refracting ſurface. 


TROP, XXL 


154. Having the focus Q. of any incident ray QB or MB, and the 
diſtance of the point of incidence B from the vertex A, or 2. AO B; t 
find the proper focus y, of the refratted ray. 

Having drawn QB, and the perpendicular OBG ; with the ſides QO, 
3 and the angle Q OB, find the angle of incidence QBG, or QBO: 
Then fa 
Wy Line 7. GBQ or QBO : Sine 4. OBy or GBy; and draw By, 
which will be the refracted ray. * 

OW 


Fig 4310 


© Vide Art. 119; 111. J. + Vid. 416, & 143. I. 


Book I. . 
Fig. 45,46. 149. Caſe 3, 4. Qand 9 are both on the ſame fide, and the whole 
motion of 00 Hom A to F; but q may be either between A and F, 
or beyond F. If Q in A, q will be alſo in A; and as Q recedes 
from A, q alſo recedes from it the ſame way, but with an accelerated 1 
velocity; ſo that when Q 1s got very near to F, q will be got at almoſt 


[153.] Schol. 6. If an object be an arch of a circle concentric to the N ratior 


Z havir 


7 any C 
But i 


1 
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ole Now in the triangle OBy will be given the fide OB, and all the 
F, angles; to find Oy, which gives the point y. 2, E. I. 
des 155. Schol, Let 6 be the geometrical focus after refraction of rays 


ted parallel to the axis 2OB, and x the point where the refracted ray B y 
10ſt cuts that axis: Upon the axis's Ob, Oq at the points 5,9 raiſe the per- 
pendiculars bs, 11. Now 5s is the lateral aberration, of the parallel ray 
2 QB after refraction, from the geometrical focus þ ; and 97 is the lateral 
be- q aberration, of the diverging or converging ray QB or MB, from the geo- 


10. metrical focus . I ſay bs: qf:: Af : Ag nearly. 
For in the As Bös, Bot, having the fame very acute angle at B, the lines 
me 65, qt do not ſenſibly differ from perpendiculars at the points 6,4 upon 


the line 5q ; in which caſe the As Bhs, Bot, would be exactly ſimilar ; 
and then it would be accurately, B&: By:: bs : gf. But as the point B ap- 
proaches nearer to A, the As Bbs, Bet approach nearer to a ſimilarity; and 


the lines Bb, By approach alſo nearer to an equality with the lines Af, 
A; and therefore it will be nearly AF: Aq :: bs: gf. 2. E. D. 


156. Corol. 1. Draw the right ſine BV. And it will be, By : 97: 
vy: 54. Wherefore alſo Bur gt: gt:: vg (vy = g) : yg. Allo 
Bo: Buzt=gt :: vy: vg eee, 

157. Corol. 2. Hence, having either the lateral or longitudinal aber- 
ration of any ray, the other is eaſily found. And from Art. 155. 
having the lateral aberration of a parallel ray, the lateral aberration of 
any other ray of a like incidence, 1s alſo readily found ſomewhat nearly. 
But both are accurately found by Art. 142, 154. 


. reater ( greater 
158. Corol. 3. When AQ Us Lecker $ than AF, Ag. leſſer $ 


than Ay. And ceteris paribus the more oblique is the incidence, the 
more will the ray be refracted, or the greater is gy. And hence an 
object may be ſo placed, that the rays next the axis ſhall diverge after 
© retraction by a convex ſurface, when the more remote rays ſhall have a 
real focus, 

1 ſhall conclude this ſection, with the two following conſtructions, 
for finding the proper focus of a ray refracted by a ſingle ſurface “. 
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x = | 159. To find the proper focus, of a ray parallel to the axis of a refract- 

ing ſurface, and at a given diſtance from it. 

QO, | Let O be the center of the ſpherical refracting ſurface BAC, and DB Fig. 40, 30. 
BO: an incident ray parallel to the axis AO; to find the proper focus x of 


the refracted ray. In AO produced, find the geometrical focus F, 
by taking AF: GF:: I: R; and divide OF in E, by taking EF: EO ::.«12,, l. 
I: R. From the center E with the radius EF deicribe a circle EFG; 
and through the given points B, O, draw a line BO@ cutting = 
circle 


Dr. Barrow, I think, was the Author of theſe Conſtrudtions. Vid. Bar. Lect. XI. XIII. 


40 


d Conſtruct. 


6. VI. Euc. 


41. I. Euc. 
"4. 1. B#E, 


Fig. 51 f 
85. 
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circle in a; then in the axis OF take Ox=Oa, and drawing Bæ it will 7 
be the refracted ray. Join Ea and Aa, and ſince AF; OF ::*(I:;:R::') 3 
EF: EO; it will be, | J 
AE (AF—EF) : EF :: EF (OF— EO): EO. But EF Ea; and 
therefore ſince the legs of the As AEa, a EO having the common 2. E, 
are proportional, it will alſo be, Aa: aE :: :<-aO; OE; and therefore 
Aa:aO:: EF (aE):OE ::'I:R. But in the As AOa, BOx, we 
have AO=="BO, Oa=="Ox and the C AO@a==z BOx; and con- 
ſequently Bx= Aa: Therefore Bx : Ox :: (Aa: aO::) I:R. But 
the BO is equal to the angle of incidence or to its ſupplement, and 
Bx is as the fine of that angle; and therefore OBx is the angle of refrac- 
tion or its ſupplement ; that is, Bx is the refracted ray. Q. E. J. 


160. Col. As the point B approaches to A, the point à approaches 
to F; and therefore every two contiguous rays will interſect each other 
before they croſs the axis OF. 


161. Schel. Fig. 49. correſponds to fig. 39, and the fame conſtruc- | 
tion will ſerve to find the point x, fig. 40. Hig. 50. correſponds to 41, 
and will alſo ſerve to find x, fig. 42. 


162. Having the focus Q, and the point of incidence B, of a ra; © 
either diverging en converging upon a given ſpherical ſurface BAC; 
Jos the proper focus y of the refracted ray. 

From Q through the center O of the refracting ſurface BAC, draw 
the axis QO, and produce it both ways, if need be; and to the point 
of incidence B draw the perpendicular OB which produce as the caſe 
requires. In the axis QO take the point R ſuch, that OQ : OR: 
I:R; and with the radius QB, from the center R deſcribe an arch in. 
terſecting OB in D; parallel to RD draw By, and By will be the re- 
fracted ray. 

Upon the axis QO, the incident ray QB (produced if need be), and the 
refracted ray By, let fall the perpendiculars Bv, Oa, Oh. Now becauſe 
By is parallel to RD, the triangles BOy, DOR are ſimilar; and fo are alſo 
the right-angled As ybO, „v; as are likewiſe the right-angled all 
QB, QgO. Wherefore OR: QB (RD) :: Oy: By:: Ob: Bv. There 
fore OR: O:: QB : Bv::QO : Os; and conſequently OQ : OAK 

: I: R) :: Oa: Ob. But Oa 18 the ſine of incidence, and therefore 
041 is the fine of refraction ; that is, By is the refracted ray. Q. E. J. 

The figures here referred to , correſpond to thoſe in the preceding plate 
as fig. 5 1, to 43. and the fame kind of conſtruction will ſerve for 44. Fa 

52. correſponds to 45, as doth alſo 53 to 46, only changing the 1 of 
Q, y. Fig. 54, 55. correſpond to 47, 48. | 


163. Corol. 1. If QB be equal to OR, the point D will coincide wit | 
1); and then the refracted ray will be parallel to the axis. 
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1464. Corol. 2. If QB be greater than OR (fg. 51, 54, 55.) the focus 
will fall on the ſame ſide of the ſurface BAC, as the center O is of: 7 
te focus y will fall on the contrary ſide, if QB be leſs than OR, 
(fig. 52, 53.) 

= 165. Corel. 3. If the point D falls on the fame fide of the axis a8 
te point B, (Ig. 52 to 55); the focus's Q, y will be alſo on the ſame 
ſide of the ſurface BAC: And the ſaid focus's Q, y will be on contrary 
des, when the points D, B are on different ſides of the axis, (g. 51.) 
18606. Corol. 4. DO: OB :: OR: Oy:: RD or QB: By. Whence to 
find the geometrical focus 9, becauſe in that caſe QA B — RD, it 
= will be 

106. Cord. 5. QA OR (OD): OA :: OR: Oq; but ORO. Conn. 


3 R R 
1 Therefore QA f QO: OA:: O0: Og :: (RD: By::) QA : Az. 
And thus the focus q may be found without having the point R. 


41 


ERC ON--1Vv. 
Of Lens's. 


168. Defin. 1. Lexs in Optics (a ſection whereof is repreſented by Pig. 36 75 
= the ſhaded figures), is a tranſparent body of a diffe- 72. 
rent denſity from the ambient medium, and terminated by two ſurfaces *, Lens. 
either both ſpherical, or one plain and the other ſpherical. And becauſe 
lens's for optical uſes are made of glaſs, it is uſual to call them g/afſes, with 
the addition of the uſe that they are intended for; as a magnifying-glaſs, 
© a ſpectacle-glaſs ; object-glaſs, or eye-glaſs of a Teleſcope, &c. 
169. Defin. 2. A lens having one fide plain and the other convex, Plano-convex, 
as in fig. 57, 59. is called a plano-convex lens: So the lens, fig. 58, 60. Plano-con- 
ss called a plano-concave. A lens terminated by two convex ſides or 3 
two concave ſides, is accordingly called a double convex, as fig. 61. or concave, con- 
© able concave lens, as fig. 62. A lens having one fide concave and the aue 
other convex, as fig. 63, or 64. is called a concavo-convex lens. The lens lens's. | 
. 63. is called a neus; as is alſo very often, tho' improperly, the lens, 
. 64. | 
| 170. Defin. 3. When the particular figure is not confidered, a lens Convex and 
| that is thickeſt in the middle, is called a convex-lens ; and that which once lens. 
& * This definition might be made more ge- tical lens; but we ſhall have occaſion to * 


ö neral; for any tranſparent body ſo figured as to no other but thoſe above defined. A tranſparent 


divert the courſe of the rays refracted by it, to- ſphere may be alſo called a lens. 
4 Wards or from a certain focus, is properly an op- 


42 A TREATISE Boox I. 
is thinneft in the middle, is called a concuve ens, without farther diſ. 8 
tinction. 
Axis of a lens. 171. Defin. 4. A ſtrait line drawn perpendicular to both the ſurfaces 
of any lens, is called the Axis of the lens. The axis therefore paſſes 
through the centers of the fpherical ſides: And it is manifeſt that no 
lens, — the fphere, can have but one axis; and therefore all 
pencils are oblique, excepting thoſe whoſe focz are in the axis of the 

lens. 
Focus, or 172. Dein. 5. The geometrical focus of a direct pencil of parallel 
principal, ſo- rays, (or that point in the axis where rays that are parallel and neareſt 
— ebf thereto, are united after refraction, if the lens is thickeſt in the middle; 
lens. or from whence they diverge, if the lens is thinneſt in the middle) is 
Focal length Called the focus of the lens : Sometimes the principal focus, by way of 
of a lens. diſtinction from the focus after refraction, of diverging or converging 
rays. It is alſo called the ſo/ar or burning focus, if the lens is convex, 
becauſe there the ſun's rays are cloſeſt united. The diſtance of the prin- 


cipal focus from the lens, is called the focal length of the lens. 


S. 1. To find the principal focus of any given Lens. 


PROP. Al. 


173. To find the principal focus of a ſphere. 

Fig. 56. Let DB be an incident ray parallel and very near to the axis ARE, 
and let & be the geometrical focus of the pencil whoſe axis is A Rs, after 

the firſt refraction by the ſurface AB. Biſect Eb in F, and F will be 

the focus required. | 

Produce the incident and emergent rays DB, Fa till they meet in K, 

and from the center N draw RB, RaG. Now becauſe the . baG 

15. ILEucl. *RaB=="RBa; and Sine CRB: Sine 4 KBa :: Sine £ baG: : Sine 
5. I. Eud. C Fab(::n:m—n). Therefore the 4 Fab = KBA = Fa; and 
„Lane conſequently Fa = F. But when à coincides with E, FE will be. Fa, 
25 I. Euc, and. therefore the point F, which biſects E, is the focus of thoſe rays 
56. I. Euc. that are neareſt to the axis AE. 2, E. J. 
174. Corol, Hence the focus F of a glaſs ſphere, is one fourth of its 

* 128. I. diameter diſtant from the vertex, For AR (RE) S fi R5, and 
therefore FE=; AR==; AE. 
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PROP. XXIV. 


To find the principal focus of a plano-convex, or a plano-concave lens. 


Let RAF be the axis of the lens (or a line drawn perpendicular to Fig. 35 55 
both its ſurfaces), R the center of the ſpherical ſurface BAC, and let Co. 
DB be an incident ray parallel and very near to the axis. Now this 
propoſition admits of two caſes, according to which fide of the lens is 
turned to the incident rays. 

175. Caſe 1. When the incident ray falls upon the plane fide, it will Fig.57,58. 
paſs on directly to B unrefracted. Wherefore, when the point B is 
very near to A, if it be made RA: AF :: m-: n; the point F ſo- 127, 1. 
found will be the focus. Q, E. J. 


175. ] Caſe 2. When the incidence of the parallel rays is upon the Pig. 5, 60. 
ſpherical ſide of the lens. 

Let AR: Rô :: m—n: n; and b will be the point where the refracted . , ,; x 
ray Ba produced would meet the axis. ED 
Again, take EC: EF (:: R: I) :: : 1; and Fe will be the focus. + 30. 1. 

2. E. J. 


176. Corol. 1. AF=—Eb=AE=— —Ab= — AE. Fig 59,60. 


For Ab. Eb — AE; and = AE together with == = AE 


— = AE. 


177. Corol. 2. AF (fig. 57.) = EF (fig. 59.) += AE. And EF 
(fig. 58.) F (fg. 60.) AE. And in. fig. 60. AF. AR 
— AE. 


178. Schol. 1. A plano-convex glaſs, with its plain ſide towards the 
incident rays, (fg. 57.) hath its focus at the diſtance of twice the radius 
of convexity from the glaſs ; that is AFD RA. And a plano-con- 
cave expoſed in like manner, (ig. 58.) hath its focus at twice the radius 
from the concave ſide. But a plano-convex glaſs with its convex-ſide 
towards the incident rays, (ig. 59.) hath its | ve nearer to the glaſs 
than a diameter of the convexity, in the ratio of bE to bA; or EF 
(==3Fb)==+Ab—3AE==2AR—zAE. And in fig. 60. the focal 
length FA=2RA—3zAE; and conſequently EF=2RA—+4AE. 

179. Schol. 2. If the thickneſs AE, is very {mall in compariſon of the 
radius RA, then the focal lengths of each of theſe lens's, may be con- 


tidered as being equal one to the other; and in glaſs equal to twice the 
radius RA, 


G 2 180, 


44 


Fig. 61 6 
64. 


2 126. I. 


F346 -Þ. 
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180. Schol. 3. The focus of a glaſs hemiſphere, with its convex ſide 
expoſed to parallel rays, is about 3 of the diameter, diſtant from the 
lats. 
l Let Ag. 59. be ſuppoſed a glaſs hemiſphere; then will E coincide with 
R, and the focus & of the rays after their firſt refraction, will be in the 
ſame place as before; ſo that RS 2 RA. And to find F the focus 
of the emergent rays, it will be, 
RG: RF:: : 1 :: 3:2; therefore RF=3R5=$4RA. 2. E. D. 
But if the parallel rays fall upon the plane ſide of the hemiſphere, as 
in Ag. 57. the focal length will be the ſame with that of a thin plano- 
convex lens in the ſame poſition ; for the ray DB will paſs to B unre- 
fracted by the plane fide. 


181. Schsl. 4. Plano-convex and plano-concave lens's, that are une- 
qual ſegments of the ſame ſphere, with their ſpherical ſides expoſed to 
parallel rays ; the ſmaller the ſegment, or the thinner is the lens, the 
greater will be the focal diſtance from, the neareſt fide of, the lens: And 
the contrary, reckoning from the fartheſt fide of the lens. Put if pa- 
rallel rays are incident upon the plain fides, their focal lengths will be 
the ſame, how unequal foever the lens's are in thickneſs. 


PR OP, XAV. 
182. To find the principal focus of any lens, whoſe ſurfaces are both 


ſpherical. 


1. Let R be the center of the ſpherical ſide AB, and er the center of 
the fide ab; draw the axis Rr, and produce it both ways. Let Kb be 
an incident ray parallel, and very near, to the axis Rr. Now take 
ar:rq::m—n:n; and place q the fame way from v, that 7 is from a; 


then will q abe the geometrical focus of the parallel rays incident upon 


ab; or 4 may be conſidered as the focus of the incident ray B upon the 
ſecond ſurface AB. 

2. Let /, F be the geometrical foci of rays coming both ways, paral- 
lel to the axis, upon the ſurface AB; (F the focus of parallel rays com- 
ing from without, and F the focus of parallel rays within the lens.) 
Now to find the focus Q of the emergent rays, ſay, 

#4: Rf (AF) :: A: AQ; or fq : Rf (AF) :: RF (Af): FO 
and laying the point Q on the ſame fide of A that ꝙ is of, or on the 


fame ſide of F that R is of; the point Q thus found will be the focus 


required &. 


183. Cel. 1. fq: Rg (TTR) i: Ag Q (Arn AQ): RE RA 


(RF FQ). Alfo fg: A (FS Ag) :: AF: FQ(AF=tAQ). 
184. 
Compare Ag. 61 with fig. 45 3 62 with 46; 63 with 48; and fig. 64 with fg. 47. 
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184. Schol. 1. If the incident ray comes the contrary way, and it be 
made gf: qr :: af : ax; the point x will be the focus. This will be 
manifeſt by ſuppoſing F and 9 to change places, then it will be 1. 
„i : n:: AR: Rq; 2. #4: Fri: ag: ax; that is, tranſpoſing the 126. J. 
letters 9,f back again, as they ſtand in the figures; gf : gr :: af : ax, *144- J. 
E. D. | 
N Schol. 2. The rules 79 : n A9 : AQ; and af: 77 + af : ax; 
for finding the geometrical foci Q, x; contain the following. Let the 
radii RA, ra be called R,, and the thickneſs Ag of the lens's be cal- 


led F. 


1. When the lens is a double convex, it will be, 
R 


45 


Fig. 61. 


Fig. 62. 
n R＋ mr , 


mer 


3. When the lens is a meniſcus, or a convex concavo-convex. 
R— R 
- — + t:;- 82 — : AQ; 


"m—n Mn. 
8 
And. ＋ : ob t: 4X. 


2— m—n 


Fig. 63. 


mer 


nr 


* 
m—-n 


4. When the lens is a concave concavo-convex ; 
m R — mr 1 R 

m—n a, : AQ; 

m R 


$4 — F: QAXxﬀ, 
F// nana / 


* M—1N 
N. R | 
and h-: m:: T: 49 


Fig. 64. 


mr 


mM--N 


And =*=»r 


M—7 


nr 


N * 


For n: in :: R: Af == ==; 
wan . | 
= * * * R 2 
M—N:niR: RF ,; and n-: :: : 1 2 
ad ling or ſubtracting r, as 
luthciently manifeſt. 


186. Corol. 2. In all cafes, the leſs is the ratio of R to , th | 

| a „the f 
of both being the ſame, the greater will be AQ and ax: And AQ The WY 
and ax are greateſt of all, when R and r are equal. For in the above me : ed 


caſes, the firſt term will be the ſame whatever be the ratio of R to: A Quand 2x 


and it is manifeſt that the rectangle under the two middlemoſt terms, 


IS 


: Alſo 


mn? 


—. Whenceby 
the caſe requires ; the four above caſes are 


| | 40 


| 
| cion to the greateſt, than it had before. Let the 
| 
| 
i 
| 


will be the leſs, the greater is the ratio of R tor. 


In a convex 187. Corol. 5 All other things being the ſame: In a convex lens 
1 


lock, OE (. 61, 63.) the leſs is 7, the greater will be AQ and ax. In a con- 


AQ dex. cave lens (fig. 62, 64.) the greater is t, the greater alſo will be AQ 


9 And in a con- and ax; this will be manifeſt by comparing together the terms wherein 


cave lens, the f, (Art. 18 5). In fg. 61. the firſt term is greater than the third; and 


greater is t, 


tne greater is in both ? is ſubtracted. In fig. 63.7 is added to the firſt, and F is either 
AQand an. ſubtracted from the third, or the third term is greater than the firſt; 


1 
1 whence in both figures, the greater is 7, the leſs will be the fourth term; 


or the greater will be the ratio of the ſecond term, which is an invariable 


i quantity, to the fourth. In like manner, in fig. 62, 64. by comparing 


the firſt and third terms together, it will manifeſtly appear, that the 


I greater is t, the greater alſo will be AQ and ax. But in a convex lens, 


the greater is ?, the greater will be 2 Q and Ax; and in a concave lens, 


| | the contrary. 


188. Schol. 3. Rays refracted by a ſingle ſurface of what kind ſoever, 
or by a lens of what figure ſoever ; the leſs is the ratio of the greater 


of the fines of incidence and retraction to the leſſer; that is, the leſs is 
the ratio of to u, or the nearer they approach to an equality, the greater 


will be the diſtance of the focus of the refracted rays, from the refracting | 


ſurface or lens. 


1 

| £2 Bs © 2 Mb + © 6 7 
189. If rays come both ways, upon a lens whoſe fides have unequal cur- | 
vities, parallel to the axis; the focus, after refraction by the lens, of thoſe | 


rays that fall upon the flatteſt fade, will be the fartheſt from a convex | 


1 lens, and the neareſt to a concave lens. 

1 This has been already ſhewed of plano-convex and plano-concave 
| lens's in Art. 177. And becauſe in Art. 185, in each couplet of pro- 
4 portionals, the firſt terms, and the diviſors to the two middle terms are ; 


the ſame; AQ and ax will be as the rectangles under the correſponding 


middle terms, (multiplied by the common rectangles m—n x m—n). | . 


that is, 
In Fig. 61. un Rr—- RH: mnRr—nrt :: AQ: ax. 


Fig. 63. mnRr—nRf : muRr-+nrt :: AQ : ax. 
Fig. 64. mnuRr+nRf : muRr—nrt:: AQ : ax. 


Therefore in Fig. 61, 63. ax is greater than AQ; and in Fig. 62, 64. 
ax is leſs than AQ. 2. E. D. 190. 
* If to or from two unequal quantities, the two quantities be 3, 4. Now the ratio of E. 4 


ſame quantity be added or ſubtracted, the leaſt 5 4 | . 
quantity will be thereby moſt affected; that is, 7 2 {to 4=1 ; : c is 3 5 Ter F than the ra- 


it will accordingly have a greater or leſs propor- tio of 3 to 4. 


| Fig. 62. muRr ARI: nRr rue t:: AQ : ax. 
4 
| 
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| is greateſt of all, when R and r are equal; and that theſe reftangle, ö 
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; 190. Schol, If the lens's be glaſs, the rules in Art. 185. are conver- 
© tible into the following; 
4. 3R+3r—: 2R :: 3— : AQ; Fig. 61, 
: And 3R+3r—f : 2r :: 3R— : ax. 
: 2. z R- ZIT ＋ F: 2R :: 37 +f: AQ; Fig. 62. 
5 And qR+37+f :2r :: 3R＋ F: ax. 
: 3. 3 R- gr: 2R:: 3— 7: AQ; Fig. 63. 
- And qR—3r-+7: 2r :: 3R+r: ax. 
4. 3R—3 ES os 2R Jr +7? : AQ; Fig, 64. 
And 3R—37T—7: 27 :: 3 R—7: ax. 


> 191. Corol. 1. If the lens's be glaſs, and their thickneſs be neglected 
as inconſiderable, the above rules will become 3R == .: 2R . 37 AQ. 


27 ZR ax. 


b And dividing the antecedents by 3, we ſhall have the following: 
] 192. Corol. 2. Rr: 
f 

; 


2R IF. AQ; 
2” It” ax: 
or double concave glaſs, whoſe thickneſs is inconſiderable, it will be 
Als the ſum of the radii, is to one of them; 


that is, in a double convex. 


As the difference of the radii, is to one of them; ſo is double the other 


| . to the focal diſtance. 


193. Corol. 3. Hence in a double convex or double concave glaſs, 


> whoſe thickneſs is inconſiderable, and ſides are ſegments of the ſame 


> ſphere, the focal length is equal to the radius of the ſphere. 
MNncave Þ 


194. Corol. 4. In a concavo-convex glaſs whoſe thickneſs is inconſi- 


F 1 derable, if the radius RA (R) be = za (zi); the focus Q will fall 
ms are : 


in the center R of the flatteſt ſide. 
* 37 (2R): Ur AR. l 
And if the proportion of RA to-7a, is greater than that of 3 


For it will be 27 (R): :: 


WO 13. 


L 3 Q will be between the center Rand the lens; but if the ſaid propor- 
ton is leſs than that of 3 to 1, Q will be farther than R from the lens. 


PR OP. XXVII. 
195. If the diſtance Rr of the centers R,r of the fides BA, ba of a Fig. 65. 


L Concavo-convex medium, be to Aa the thickneſs of the medium, asntom ; 


and r be to the ſame fide of R that a is of A; the incident and emergent 
parts KB, bM, of a ray KB parallel and very near to the axis Ar, will 
: be parallel. 


Let 


Let 94 be the principal focus of the fide A, and f of the ſide 9. 
124. 1. Becauſe A;: Rq:: M: :: af: rf::*Aa:Rr; it will be 
d Hypoth. ag(Aq—Aa) : rq9 (Rq—Rr) :: af: rf; and 
ar (aq—rgq) : rq :: ar (ar—rf) : rf. Therefore the 


points 9,7 coincide ; and conſequently the focus of the refracted ray is 


at an infinite diſtance, that is, 6M 1s parallel to KB. Q., E. D. 


196. Cl. 1. If the centers R, r, be moved farther aſunder, the 
points 7, q will ſeparate, and the lens will have a real focus, as in fg. 63. 
So that a concavo-convex lens, whoſe ſurfaces are ſegments of the ſame 
ſphcre, has a real focus. ; 

197. Corel. 2. If the centers R, » be brought nearer together, F will 
be nearer to the lens than 9, and the lens will have a virtual (and not a 

Fig. 66. real) focus. And this will happen when the centers R, unite : So 
that a lens with concentric ſides is to be deemed a concave lens; but 
when the thickneſs Aa is but ſmall, the divergency of the refracted rays 
will not be ſenſible. If the centers R,r change ſides, that is, if V gets 
neareſt to the lens, the caſe will be, as is exemplified in fig. 64. 


Fig.67,69, 198. Dein. The thickneſs of a convex lens is a part of the axis 

71. (AV, fg. 67. or Aa, fig. 69, 71.) intercepted between the ſides; and its 
breadth is a line (Ss) drawn between the extreams of the ſides (perpen- 
dicular to the axis), the fides being continued to a ſharp edge. 


199. Defin. A concave lens is underſtood to have its ſides touch in 
e middle, and its breadth is terminated by two lines (SS, 5s) drawn pa- 
rallel to the axis, and at the ſame diſtance from it on either fide. 
The length of (either of) theſe lines (S S ss) is reckoned the thick- 
neſs of the lens; and the diſtance between them (Ss—=Ss) is the 
breadth of the lens. 


Fig.68,70, th 
72. 


Or, If the concave lens has ſome thickneſs in the middle, the diffe- 
rence between that and the thickneſs at the ends, is to be reckoned the 


thickneſs of the lens. 
200. Lemma, The thickneſs, half the breadth, and focal length of a 


plano-convex or plano-concave glaſs, are continual proportionals, nearly. 
Fig.67,68. Let the axis Aa be twice the radius of the convexity S As, and of 


*179. I. the concavity Sas; then will ' be one of the principal focus's of the | 
plano-convex glaſs, fig. 67 *. and *A the focus of the plano-concave | 
glaſs, fig. 68*. And becauſe SV and Sy are each perpendicular to | 


the diameter Aa of the ſemicircle AS Sa, it will be 


* Vide 8. AV: SV:: SV: Va; and av : Sv :: Sv: A. Therefore, &c. | : 


VI. Euc. 9. E. D. 


| 201- 
This is never ſtrictly true till the thickneſs of the lens has vaniſhed. Vid. Art 178. 


2 f 
_ 
a 
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201. Corol. Let the radius of the convex fide S As be called R, and 
of the concave fide Sas, r; and let SV and Sw be called 8: Now if the 
thickneſs of the lens be neglected as inconſiderable, in proportion to the 
focal length; it will be AV: S:: S: 2R; and av: S:: S: 27; that is, 


| 2 G2 | 8 
Av I; and au 27 


49 


3 } PROP, XXVII. 

nt 202. Half the breadth of any very thin glaſs lens, is a mean propor- 
" tional betawixt its thickneſs and focal length, nearly. 

be This has been already ſhewed of plano-convex and plano-concave 

* glaſſes, in the preceding lemma. 

but 


Let half the breadth of the lens, SV or Sv, be as before called 8, and Fig 69 15 


f the thickneſs of thelensAV==av be called ?. Now AV=" = 
Ir 82 


7 
| and av 4201. I. 
2. Wherefore, 


Caſe 1. t (=AV+av)= + > ; and by reducing theſe fractions Fig. 69,-0, 


I to a common denominator, and dividing by 2, we ſhall have — 8*3 
Wherefore, multiplying each Side by 2 Ry, and dividing by Rr, we 
* ſhall have 8. = f. 


NM 


Caſe 2. F — — 3 8* . Reo - 3 2 5 
2K 
© 1 


Loet the focal length be called /, then in Caſe 1. f=" = and in * 192, I, 
+8 2 Ry 5 g 
2 Caſe 2, f==" 


's . and therefore in both caſes ff = SS; that is, 7: S:: 
th of a | 13 2. E. D, : 


203. Corol. Hence, in all ſorts of lens's that are very thin in propor- 

and ot | tion to their focal lengths: If of theſe three, viz. breadth, thickneſs, 
s of the 1 focal length, any two be the ſame, the third will be the ſame alſo ; 
concave ; or any two being given, the third may be found. 


2 
— 
— 
— 
mh 
S 


§. 2. 


of ſuch glaſſes uſually bear too great 
becauſe a proportion to their focal lengths. 


H 


. This propoſition is not to be truſted to, when the thickne: 
| applied to glaſſes of very ſhort focus's ; 1 $ 
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F. 2. Of oblique pencils of rays. 


204. The axis of any pencil of rays whatſoever incident upon a re- 
fracting ſphere, will paſs thro' the center unrefracted. This is ſelf- 
evident ; for a ray that enters a ſphere perpendicular to the ſurface, 
emerges out of it alſo perpendicular to the ſurface. But the caſe is dif- 
ferent, with reſpect to a lens; for the ſides of it not being concentric, 
no ray can be perpendicular to both the ſides, but that which coincides 
with the axis of the lens: And hence all pencils of rays refracted by a 
lens, excepting that one whoſe axis is perpendicular to both the ſurfaces, 


are ſaid to be oblique, and called ob/zque pencils, 
PROP. XXIX. 
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205. In every oblique pencil of rays whatſoever, refracted by any lens, 
there is one ray whoſe incident and emergent parts are parallel; and this 
ray is the axis of that pencil, or that ray in it which undergoes the leajt 
refraction. 


Fig. 73, % In fig. 75, to 78. let R, r be the centers of the ſpherical ſides A, a; 
| and in fig. 73, 74. let r be alſo the center of the ſpherical fide a, In 


78. 
the * flatteſt tide of any lens whatſoever aſſume any point B, at which 


7 
k SI ELIA SA ISL NE ISS DO UE et bar. ter e 83 * 8 
* * 2 Es a ett It ug e 3 ER e AERIE * „ ²˙ bun 
* 
— 


ſuppoſe a ray of light to be refracted, either at its enterance into the 1 
lens, or at its emerſion out of it: Draw the perpendicular RB to that 8 
ide, and parallel thereto draw alſo the perpendicular 75 to the other 
lide a; join B&, then will B& be a ray whoſe parts PB, pb, without 
the lens, will be parallel. For the ray B& drawn between the two paral- | 8 
29 L. Eucl. lels RB, rb 1s *equally inclined to them both, and conſequently PB, bp : :; = 
t Laws of re are alſo "equally inclined to RB, rb, and therefore parallel to one ano- } 
tr. euon. ther. And after the ſame manner, wherever the point B is aſſumed, ans 
we can find a ray B5, that ſhall be equally inclined to both the ſurfaces; . 
and therefore in every oblique pencil of rays, there is one ray whoſe ir- 
cident and emergent parts are parallel. And it is manifeſt alſo, that ” 4 
every other ray paſſing through B, will be mere refracted than the ray f, > 
Bb; fora plane touching the lens in any other point beſides &, will be un 
inclined to a plane touching it in B; and therefore a ray patling through PR lan 
69. I. B and any other point beſides &, will be bent out of its courſe, more or | bad 
leſe, according as theſe planes are more or leſs inclined. Therefore, 8 
Ce. . F. D. * 
(19 is the axis of an oblique pencil on the contrary ſide of the axis of Þ 
the lens. = AC 
200. 


* The only reaſon for chuſing B in the flatteſt otherwiſe might happen, becauſe the {.de Ai Þ | 
fade, is to prevent & falling out of the lens, which lefler ſegment than the ſide à. Bl 


. N N * 8 


races; 


joſe in- 


O are ſimilar; and therefore RB: H:: RO: O. Alſo RB==rb: RB 3 


o. that 
the ray | oy rb : ROX=rO (Rr): RO or -O. But the three firſt terms are - 1 
will ve invariable quantities, and therefore ſo is the fourth likewiſe; that is, in tlie 


ame lens the point O is invariable. And from the poſition of the parallel 


through 
mord Ot 


\e axis ol | 


200. 


le de A 5? WT 


* 
F 4 : 4 4 19 ef + 1 
P $861 3 8 „ * r * 
* do & 5) "EF _ 7 i a * * 
f - Le * 2 * FT. + . 1 6 q -£ * web] . * Fl L . 
* 5 LEG WEI ESE. 2 " 


- 
0 
4 ? r A * 
1 4 


. 


Szcr. IV. OF OPTICS. 5 1 


206. Corol. The axis of any oblique pencil whatſoever, is equally in- 
clined to each ſide of the lens: And the leſs oblique is the pencil, the 
nearer will the point B be to the vertex A; and * the leſs will be the * 68. I. 
diſtance between the parallel rays PB, &. 


FRF. AKA: 


207. In every oblique pencil of rays, the part Bb of the axis within the Fig. 73 1 
lens, produced if need be, will inter ſect the axis of the lens in the very ſame 7 8. 
point O; and the point O divides the axis of the lens in ſuch a manner, 


that AO: aO:: R: r; that is, 
1. The point O is in the vertex of a plano-convesx and plano-concave. Fig. 73, 54. 


2. In the double convex and double concave, the point O divides that Fig. 5,76. 
part of the axis which is within the lens, in the ratio of the radii of the 


ſides, the ſhorteſt part being next that fide which bas the greateſt 


CUYVITY, 


3. The line Bb muſt be produced without a conca vo- convex lens, before Fig. 75, 78. 
it will inter ſect the axis: And the point O in the axis, where the ſaid 
line Bb produced interſetts it, lies next to that fide which has the greate 
curvity ; and its diſtance from the ſides, is as the radii of theſe ſides re- 
ſpectively. 


Let the radius of the flatteſt ſide A be called R, and the radius of 


the other fide, 7; and becauſe the axis Bb of any oblique pencil, is 206. 1 
equally inclined to both the ſides of the lens, it neceſſarily follows: 


Caſe 1. In a plano-convex and plano-concave lens, the axis Bb of . 
any oblique pencil paſſes through the vertex 4, and therefore the point Fig 73,74. 
O is alſo in a, For no perpendicular to the ſpherical ſide, can be paral- 
le] to a perpendicular to the plane fide, but that only which paſſes thro' 
the vertex a. Again, becauſe R in this caſe is infinite, and O coincides 
with a; it will be, R: :: AO: 40. Therefore, &c. 2. E. D. 


Caſe 2, and 3. Becauſe the radii RB, 76 are parallel, the As RBO, 
78. 


radii RB, 7b, it is manifeſt that the point O muſt be within the double 


\orefore, convex and double concave lens, and without the concavo-convex. 


Again, becauſe RO: RA (RB) :: O: 70 (); it will alſo be, 
 _AO(RO&@RA):RA:: 40 (Ora): ra; that is, 


A0: 40 :: R: 7. Therefore, &c. 9. E. D. 
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208. Col. The point O is in the middle of a double convex and 
double concave, whoſe ſides are ſegments of the fame ſphere. And in 
every lens whatſoever, the greater proportion the greater radius bears to 
the leſſer, the nearer will the point O be to the vertex à of that ſide 
which has the greateſt curvity. 


AUT ANAL 


Fig. 73 1% 209. H the axis Bb of a pencil of rays, is not very oblique to the axis 
78. of the leus; the points s, v where the parts without the lens PB, pb pro- 
duced, of the axis of the oblique pencil, cut the axis of the lens, divide that 
axis in ſuch a manner, that 
AO: As::m:nc:aO:av; nearly. 
2 Conſtruc, The angles RBS, RBO or their ſupplements, are the angles of inci- 
dence and refraction at the firſt fide A; and therefore their fines are as 
dr5&35.1, *m ton. In fig. 73, 74. the C RBS = AgB; and RBO SD A OB. 
29. I. Euc. And in fig. 75 to 78, the difference between the Zs RBS, RBO, or 
their ſupplements, and the reſpective 2s ASB, AOB is equal to the / 
ARB; as will be manifeſt by drawing dB parallel to the axis RA. 
And therefore the ſines of theſe reſpective angles, are pretty nearly in 
the ſame ratio; that is, Sine C AsB: Sine Z AOB :: m: ; nearly, 
FTrigonom. But the fines of the s AB, AO B are as the ſides BO, Bs; and when 
the point B is not very remote from A, BO and Bs will be as AO and 
As, nearly. And therefore when the point B is the neareſt of all to A, 
it will be, AO: As::m:n. 2. E. D. 
In fg. 73, 74. the points a, v and O do all coincide : And in fig. 75, 
to 78, it will be proved as above, that when the point 5 is very near to a, 
it will be, aO:av::m:n. Therefore, &c. Q, E. D. 
210. Carol. 1. The farther is the point B from A, and 6 from a; 
56. IJ. ethe greater will be Os and Ov. 
Let 5 and v be points belonging to pencils, that have the leaſt obli- 
quity to the axis of the lens. Then will, 


211. Corel, 2. As =—=—AO - and av —aO. Let the thickneſs 
Aa of any lens be called ?: Then in a plano-convex and plano-concave 


lens, As t. And in a double convex and double concave, whoie 


ſides are ſegments of the ſame ſphere, As=av = l. 


212. Coro. 3. Hence, in a plano-convex and plano-concave glats 
A At. And in a double convex glaſs of equal convexities, and in 3 


double concave glaſs of equal concavities, ASS=av=3zt, 
213 


: F wy 3 


oblique, are refracted orderly from the ſame point s or v nearly ; ſo the 
-— retraction of theſe axis's cauſe no ſenſible confuſion in the image. 


Sect. IV. OF OPTICS. 


213. Schol. 1. The places of the points 5,v are affected only by the 
different inclinations of the axis of the pencils, retracted by any lens, and 
not at all by the different diſtances from the lens, of the focus's of the 
faid pencils. The point v will be always without a concavo-convex 
lens; but the point s may be either without or within that lens, accord- 
ing as the ratio of AO to Aa, is greater or leſs than the ratio of m 


to 7. 


214. School. 2. As the angles ſubtended by objects and their images, 
are properly thoſe which are contained between the axis's of the pen- 
cils belonging to their extreme parts; ſo theſe angles, ſtrictly ſpeaking, 
are not formed at any common point in or out of a lens, but at the 
two diſtinct points , v according to the reſpective ſide of the lens, the 
object and image are of. 


215. Schol. 3. The focal length of any lens, is to be reckoned from 
the point v, if the flatteſt fide is expoſed to parallel rays; and from the 
point 5, if the parallel rays are incident upon the moſt convex or concave 
ſide. The point v in all caſes, being the moſt remote from the flatteſt 
ſide (A) of the lens. Note, the points 5, v we ſhall ſometimes call the 


fecal centers of the lens. 


215. ] Corel, Hence, the focal length of a convex lens is, properly, 
the diſtance between the principal focus and the next focal center. And 
the focal length of a concave lens, is to be reckoned from its principal 
focus, to the fartheſt focal center. See fig. 57, to 64. and fig. 73, 
to 84. 

216. Schol. 3. As the axis's of the ſeveral pencils that are not very 


217. Schol. 4. Becauſe As=*—AO; and a == ＋ 40. 


Alſo becauſe R: 71: AO: 40; it will be, 


R 


7 LAS 


t (AOX=aO) 1928 ; there fore, 


AC) = LE and aO =: =, Wherefore, 


5 R/ 2 rt 


A x F493 and av i x Nr; and multiplying one fide ot 


each equation by m x RD; it weill be, 


AS: ab:: Rt: urt. 


RON. 


33 


Focal centers 
of a lens. 
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„ A TREATISE Boox l. 
PR OP. XXXII. 


218. If rays come both ways upon any lens, parallel to the axis; the 4 £4 
diſtances of the geometrical foci on each fide, from the reſpective points 
8, Vill be equal. | « 

Let as before the thickneſs of the lens be called 7, and the radii of 7 
the ſides AB, ab be called R, v. 1 


Fig. 57 15 CASE 1. en one fide of the lens is plain. | 
60. Becauſe AF (fig. 57.) ="EF + (fig. 59.) = EF E. Ad 
1 EF . a Wy 

(fig. 58.) AF -t (fig. 60.) F- Es. Therefore, 


; F AF g 
AF (fig. 57.) = F, fig. 59. And in fig. 58.3 Ab 5 1 41 © fig. 60. « 
Therefore, Sc. 2. E. D. | | 


Fig. 61 9 CASE 2. When beth ſides of the lens are ſpherical. 
64. 


9 21t. 1. 


Becauſe in fig. " nuRr==nRe?e: Rr : Ad: „sx. 


By adding or ſubtracting the like proportionals nRe : urt :: As: av; 
215. I. it will be, un Rr: un Rr :: AQ = As (5Q): ax i= av (vx). 


Alſo becauſe in fig. 64 mnRr=nRt: un Rr ==nrt :: AQ ax; 


it will alſo be, mnuRr: mnRyr :: AQ#= As (Q): ax Rav (vx). 
Therefore in all caſes Qn vx. 2, E. D. 
219. Schel. 1. The radius of a plano-convex or plano-concave lens 


being the ſame, the focal length (AF, fig. 57, 58. and 5F, fig. 59, 60.) 
will be the ſame, whatever be the thickneſs of the lens. 


220. Schol. 2. All other things being the ſame. In a double convex 
lens, and in the concavo-convex, fig. 64. the greater is 7, the greater 
will be 5Q or vx; and in the double ::oncave and the meniſcus, fig. 63. 
the greater is 7, the leſs will be 5Q or »x. For, 


. mnRr 
"135 & Fig. 61. N, ; n R 
217.7 [. * RF - T nt (AQ) + RT = SQ. 


Fig. 62. n 
| 71 1 R. 3 
1 NTur run —nt (AQ) 7” Rar -— 2 


R 
Fg. 63. 8 — A N RW SQ, 
mR—mr+mt—nt ( Q) _—_ * Rur - 


Fig. 64. == LRT (AQ) - . 
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n each caſe, the variable quantities — Rr, + Rt? in the numera- 
tors have contrary ſigns ; whence it is manifeſt that in g. 61, 64. the 

© oreater is 7, the greater will be Q; and in fg. 62, 63. the greater is 7, 
the leſs will be Q. 


PROP, XAXXAINL. 


2221. The foci of both direct and oblique pencils of parallel rays, are 
nearly at the ſame diſtance from the f.cal center (s or v, as the caſe is) of 
any lens. 
12 ArQ be the axis of the lens, 7 the center of the firſt ſurface Fig. 79 1 
ab, Q the principal focus of that ſurface, and F the focus of the lens. 84. 
Let BP be the axis of any oblique pencil; and let the emergent part 
Bp, produced backwards cut the axis of the lens in s. Of all the rays 
parallel to the axis pb4BP, there ſhall be one as Dd which will fall per- 
pendicular upon the firſt ſurface ad; and therefore if the medium was 
continued, this ray (produced backwards from a concave lens, but con- 
tinued through a convex lens) would paſs through the center , and the 
& geometrical focus of rays parallel to it would be at , ſo that Y ==rQ. _ 
This is manifeſt, becauſe drq is perpendicular to the ſurface a, as well 
as ar Q.. 
Again, of all the rays parallel to the axis pb, there ſhall be one as 
Ee (if the lens is broad enough) which ſhall be refracted into eG per- 
= pendicular to the ſecond ſurface AB; and therefore the focus of this 
ray ſhall be in P produced, and in eG produced; that is, in the point 
of interſection 7. Neglecting the aberration of the firſt ſurface 46; eG 
produced would unite with the axis drg ing. We are now to ſhew 
= that sf==sF nearly. 
Cas 1. When one ſide of the lens is plain. Fig. 79, So. 
Becauſe gr, fq ; and sf, 79 are parallel; sf ="rq i ="5F. Hy poth. 


- d24.1. Enc. 
CAs E 2. When both ſides of the lens are ſpherical. n 


Leet R be the center of the ſecond ſurface AB, and becauſe eG is per- 218. 1. 
pendicular to this ſurface, it will paſs through the center R. And be- Fig. $1 79 
Wy cuic 74 is parallel to sf, it will be Rr: RS:: rq : 7. Now the 84. 
We two firſt terms (Rr, Rs) are invariable quantities, and admitting 9 to * 4. VI. Euc. 
eemain invariuble, sf will be alſo invariable ; that is, F will deſcribe 
che ſector E/, and F will be F. | 8 
But bccauſe of the aberration by the firſt ſurface de, no ray, as Ee Fig. 7) 1 
Parallel to and remote from the axis Drg, can be refracted to the focus 84. 
W 7; but it will cut the axis 79, in ſome point y, between ꝙ and 7; and 134. . 
W therefore a ray parallel to 2%, that ſhall be retracted perpendicularly to 
the ſecond ſurface AB, muſt be ſome ray , between Ee and the axis 
Db, if the centers R, are on different ſides, fig, $1, £2 ; otherwiſe 90 
5 | 2 WW. 


. 
„ * 


ls a De I RE 346 


E221, J. 
Fig. 8 1, 82. 


Fig. 85 J 
90. 
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will be farther from the axis than Ee, fg. 83, 84; and conſequently 


this ray, will cut the axis F in ſome point x, between F and s. But | 
has been ſhewed above, that if the lens had no aberration, F would he | 


the focus of all the rays parallel to the axis pbBf; and as the aberra. 
tions at the different ſurfaces, are contrarily, it is ſufficiently manifet 


that the focus of thoſe rays that are neareſt to the axis p4Bf, will nat 


be remote from 7. Q. E. D. 


222. Scbol. In every lens whatſoever, the true focus g of an oblique 
pencil of parallel rays will be between f and 5; that is, 5g will be let 
than sf or SF. 

Becauſe if there was no aberration at either ſurface of the lens, 5; 
would be *equal to F or /; it follows that if the aberrations at each 
ſurface were equal, they would deſtroy each other. Let rays of light 
be within the lens, on each fide of the axis B, and let their inclina- 
tion to that axis be ſuch, as that they would emerge at the ſide & paralle 
to p. Now it is manifeſt, that a ray parallel to the oblique axis pP, 
and between the ſaid axis and the perpendicular di, will be more oblique 


to the emergent ſide A, than to the incident ſide a ; and therefore in th 


caſe, the aberration at the fide A is the greateſt, and this exceſs of the 


aberration, contracts the focus nearer tos than /, as to g. In like manner, 
if the parallel ray be on the other fide of the oblique axis, the greateſt 


aberration will be on the incident fide @ ; and in the preſent caſe likewiſe, 
this exceſs of aberration, contracts the focus nearer to the lens, as to g 


and it is manifeſt, that the more oblique is the pencil, the greater will 
be fg. Therefore, &c. Q. E. D. 


9. 3. Of diverging or converging rays, and of images. 
PROF. XXXIV, 


223. The focus of incident rays, either diverging or converging up" | 


any lens, being given; to find the focus of the emergent rays, 
Let F/ be the axis of any lens Bb, whoſe focal centers are 5, v; and 


principal foci are Ff. Let any point Qin the axis of the lens be the 


focus of incident rays, either diverging as QB, or converging as MB; | 


and let F be the geometrical focus of thoſe rays parallel to the axis of 


the lens, whoſe incidence is on the ſame fide with the ray QB, or MB. | 
To find the focus of the emergent rays, ſay QE: Fs :: vf (Fs): 7 
and placing ꝗ the ſame way from /, that F is from Q; the point 4 thu | 


found will be the focus required. 

Conſtruction. Let the point of incidence B, be not remote from the 
vertex of the lens: from the center v, deſcribe the arch fd, and drav 
vd parallel to the incident ray QB or MB; * then will 4 be the point 


where the emergent ray interſects the axis vd, and therefore the point þ | 
where | 
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where the emergent ray d (or N5) produced, interſects the axis of the 


lens, is the focus required, 


Again, draw 5D parallel to B; then will the As QDs, vdg be 


57 


*equiangular, and therefore Q: Ds :: vd: dg. But D is a point where 29, & 32. 


the incident ray 96, or Nb, after refraction by the lens, will interſect 


I. Euc. 


the axis 5D, ſo that D == *sF nearly; and when the As QDs, vd 4. VI. Eu. 


are vaniſhing, the point D will coincide with F, and d with /; where- 


fore QF: Fs :: of : Fg. EE. D. 


224. Corol. 1. Becauſe Fs =*vf, Fs or F is a mean proportional © 218. I. 


between QF and fq; that is, QF : Fs :: Fs: fg. 


225. Cordl. 2. QE:Fs :: (of: fq::*) Qs (QFFFs) : vg (vf& fq). vide 12. 


226. Corol. 3. QE: Q: (Fs: v9 ::*) Qs (QEZFs) : QsF vg. 
227. Schol. 1. When the lens is not very thick, in proportion to its 
focal length, the focal diſtances F, /, may without ſenſible error be 


reckon'd from the point O, which biſects vs; and then the preceding 


rules, will be convertible into the following, v2z.. 
1, QF :FO:: FO (amOf) : 79. 
2. OF: FU QUO: Os. 
3- QF: On; e: Qs. 


228. Corel. 4. If q be the focus of incident rays, Q will be the focus 


of the emergent rays. 


229. Corol. 5. The focus's Q, , move both the ſame way; and al- 
ways lie the contrary way from F and . And the diſtances FQ, /g, 


vary reciprocally ; that is, as one increaſes, the other decreaſes, but with 


* a different velocity, according as they are differently fituated. When 


Q coincides with F, 9 will be at an infinite diſtance ; that is, the re- 


* fracted rays will emerge parallel to the axis. And, in fig. 85, 86, when 


QO=2OF, Og will be = OQ ; whence the difference of the foc il 


diſtances of the refracted rays when QQ==2 OF, and when OQ is in- 
Hite, is only equal to O. 


230. Corel. 6. When the focus Q, of rays diverging upon a convex 


; lens, fig. £7. lies between F and the lens ; the retracted rays (bN in- 


| ſtead of crofling the axis) will diverge from the focus 9. And if. inci- 


dent rays upon a concave lens, converge towards a point that is nearer to 


it than F, as in fig. 88. the lens in this caſe will have a real focus; 
that is, the refracted rays will croſs the axis in 9. And univerſally, 


V. Eucl. 


N 231. Corol. 7. When the focus's Q,q lie both on the ſame ſide of the Fig 87 79; 
lens; if the incident rays diverge from Q, (IZ. $7, 9o.) the emergent 99. 
Y 7 | I 


rays 


Fig 8 5,86. 


Fig. 91 70 
94- 


4* 


Fig. 93. 
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rays will diverge from q. And if the incident rays converge towards 1 
Q, ( fig. 88, 89.) the emergent rays will converge towards . And in- 


all theſe caſes, the nearer Q is to O, the nearer alſo will 4 be to O; and 
if one of theſe focus's be in O, the other will alſo coincide with it. 


And the contrary happens, when Q and 9 are on different ſides of 


the lens; that is, rays diverging from Q (fg. 8 ) will converge to- 


wards 9. And rays converging towards Q (fig. 86.) will diverge 
from 9. 


232. Sch. 2. Convex and concave lens's, may be compared to con- 


vex and concave ſurfaces ; and what has been ſhewed with reſpect to 


the motions of the focus's Q, q by the refraction of the one, is alſo appli- 
cable to the other. Thus, in fg. 85, 86. the focus's Q,q are on oppo- 


ſite ſides of the lens; and neither can approach nearer to the lens, than | a 
the focus's F,f. If one of the focus's is between F and the lens, jg. |* 


87 to go, the other will be alſo on that ſame fide of the lens. In g. 
7 88. the whole motion of Q is from F to the lens; but the motion 
0 

9o. the place of q is limited from ¶ to the lens; and the motion of Q, 
is like to that of in the preceding caſe. The three caſes of convex 


lens's paſs from one into the other, as do alſo thoſe of concave 
lens's. 


233. Schol. 3. All ſorts of convex lens's, that have equal focal lengths, 
will have the ſame effect if put into each other's places; becauſe the 
rules above, regard only their focal lengths, and not their figures. The 
ſame is alſo true of concave lens's. So that the ſix figures referred to, 
contain all the variety that can happen with reſpect to the focus's 
Q, . 


NO 


Of Images, formed by the refraction of Lens's. 
234. Fan arch of a circle PQR, deſcribed from the focal centers 


74 any lens, be conſidered as an object; its image pqr may, in moſt caſes, 
e 


alſo confidered as a fimilar arch, whoſe center is the other fecal center 


v. The length of the object will be to the length of its image, as s 
vq: And the image with reſpect to the object, will be erect or inverted, 


according as they he on the ſame fide, or contrary fides of the lens. 


This propoſition, with reſpect to a ſphere is ſelf-evident ; becauſe the 
object being concentric thereto, (the points 6, v in this caſe coinciding 


with the center O,) every part of the object is alike expoſed to the ſur- 
face of the ſphere. Therefore, &c. 


And 


7 is not limited to any diſtance from the lens to infinity. In fig. 89, 4 
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And in a lens, becauſe the geometrical foci of parallel rays, E, F, G; Fig. 9 , 92, 
eg are nearly in arches, whoſe centers are , v reſpectively; neglect- 94. 
ing the aberrations of the lens, (or ſuppoſing the object, and the thick- 221. I. 
= neſs of the lens, to be ſo ſmall that the refractions of the two ſides are 


equal,) it will be PE : Es:: ve: ep; QF : Fs :: vf fg; and 223. J. 


RG: Gs :: vg: gr. But in theſe three e of proportionals, the 
three firſt terms are nearly equal each to each reſpectively ; and con- 
ſequently the fourth terms are equal alſo nearly, and therefore pgr may 
without ſenſible error, be reckoned a circular arch, whoſe center is v 


9. E. D. | 
235. Again, becauſe the axes Ps, vp; Rs, vr of the oblique pen- 


cils, are parallel, the angles PsR, pur are equal; and therefore the ob- 20g. I. 


jet PQR is to its image, as their diſtances Q, vg: And according as 
their correſponding extremes P, þ ; R, 7 lie on the ſame, or on contrary 
ſides of 5, v; they lie alſo on the ſame or on contrary ſides of their 
middle points Q, ; that is, the image with reſpect to the object, is 
erect or inverted. Q. E. D. 


236. Schol. 1. * In common caſes, or when the lens is not very thick; 


"the axes of the oblique pencils may, without ſenſible error, be conſi- 227. I. 


dered as interſecting the axis of the lens in the point O, which biſects 
the diſtance s v. 

237. School. 2. If the object is a ſtrait line ſubtending a ſmall angle at 
the lens, its image will be ſo too, nearly; and the ſmaller the object and 
image are in proportion to their diſtances from the lens; that is, the 
ſmaller are the angles which they ſubtend, the more exactly will they 
correſpond. And univerſally, the images of all ſurfaces ſubtending very 


ſmall angles at the focal centers of any lens, will be, accurately enough, 
alike to their originals, 


238. Schol. 3. Becauſe the focal diſtances OE, Oe, of an oblique 


pencil, *are leſs than the focal diſtances OF, Of; a circular object whoſe 222. 1. 


center is O, will not have a ſimilar arch for its image. If the object 
and its image are on different ſides of the lens, as in fig. 91. or if the 
lens is concave ; the image will have a greater curvity, than the object ; 
that is, the ratio of Oq to OQ, will be greater than the ratio of Op to 
OP: But if the object and image, are both on the ſame fide of a con- 
vex lens, g. 92. the ratio of Op to OP, will be greater than the ratio 
of Oz to OQ, As will be manifeſt, by comparing together the rules 


QE:FO::QO: Og; PE: EO:: PO: Op. 
I 2 239. 


In the ſour laſt plates, the lens's are made the places of the points 3, *, and the rays be- 
thicker than ordinary, for the ſake of repreſenting longing to them diſtinctly. 


bo 
Fig. 91 70 
94. 


"234, Of 
236. I. 


Fig. 95. 
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239. Schol, 4. Neglecting the aberrations of the lens's, a ſtrait ob- 
jet (PQR) at right angles to the axis of any lens, will have a curvilinear 
image: And if the object and image are on different ſides of the lens, 
as in fig. 91. the image will be concave towards the object; and the 
image will be convex towards the object, if they are both on the ſame 
tide, as in fig. 92, 93, 94. For it being QE: OF :: Of: #q; and 
PE: OE :: Oe: ep; it will alſo be, 

QO (QEZ OF) : OF :: Oq (OF): fq; and 
OF (\nOE) ; PO: ep : Op ; and by multiply- 
ing theſe two rows of proportionals together, we ſhall have, 


QO : Oq x ep :: PO: Op x fg. But in fg. 91, 94. (becauſe QF is 


leſs than PE, and the middle terms OF, Of, OE, Oe are equal,) it is 


manifeſt that ep is leſs than fq ; and therefore the ratio of Og to OQ, 
is greater than the ratio of Op to OP. And in fg. 92, 93. ep is greater 
than fq; whence there the ratio of Oq to OQ, is leſs than the ratio of 
Op to OP. Whence in all caſes, the image is curvilineal ; and in g. 


91. the image is concave, and in fig. 92, 93, 94. it is convex, towards 
the object. Q. E. D. 


If the aberrations of the oblique pencils be conſidered, becauſe then 
the focal diſtances OE, Oe are leſs than OF, O/; it is manifeſt that 
the curvity of the image will be ſtill greater, and the ſame way as be- 
fore. And the greater is the angle QOP, the leſs in fig. 91, 94. and 
the greater in fig. 92, 93. will be the focal diſtance Op. So that 9 is 
not a circular arch, but approaches towards one or other of the conic 
ſections, having ꝙ in its vertex, 

And it may be farther obſerved, -that the images of ſtrait objects, by 
convex or concave lens's, correſpond to thoſe of like objects, by convex 
or concave ſurfaces. Vide Art. [I 53. ] I. 


240. Scbol. 5. When an object, as POR, is farther from a convex 
lens (fig. 91.) than its principal focus F, there will be formed a real 
image pqr, whoſe poſition with reſpect to the object, is inverted. 


But an object placed nearer a convex lens, ( fig. 92, 93.) than its 
principal focus F, or any where before a concave lens, (/ | 
have no real image; the rays 6,6; a,a; c, c in each pencil, after their 
emerſion out of the lens, diverging from the foci p, 9, 7, reſpectively. 
In both theſe laſt caſes, the image pqr is erect; and in the firſt caſe 
(/ig. 92, 93.) the image is always greater, and in the ſecond caſe, (fg. 
94-) the image is always leſs than the object. 


241. Schol. 6. The theory of real images, may be thus illuſtrated by 1 


an experiment. Upon a long table draw the line BD, and over ſome 


point 
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oint there in A, place the convex lens O, whoſe principal focus's are 
F, /, fo that the axis F/ of the lens, be parallel to BD. In the line BD, 
take AF, Af each equal to OF or Of in the axis Q. On one ſide of 
A divide the line AB into the parts 1, 2, 3, 4, &c. each equal to AF; 
and on the other fide take f1 equal to Af or AF, and divide it into 


| : fs, fu, Sc. ſo that theſe parts be reſpectively equal to x, 3, +, &c. 


of For Af. Now if the room be darkened, and a lighted candle be 
placed over any one of the diviſions in the line AB, as at 2 ; the image 
of the candle, will be ſeen diſtinct but inverted, upon a paper held 
over the correſponding fraction on the other fide, as at 2. If the candle be 
placed at the point 3 or 4, &c. the paper for receiving the image muſt be 
held over + or 4, Sc. So that if the candle be moved from 2 to an in- 
finite diſtance, the whole motion of the image will be from 4 to . 
If the candle be placed at 1, the image will be at 1, at the ſame diſ- 
tance from the lens on the other ſide. If the candle be brought nearer 
toF, the motions of the image and candle will now be reciprocal, to 
what they were before. But if the candle be placed any where, be- 
tween F and the lens, there will be no image formed. 


24.2. Schol. 7. Since an object placed at any diſtance, and its image, *2 35. I. 
ſubtend *® equal angles at the focal centers s, v of any lens; the angle 


under which any remote object appears, being given, it will be eaſy 
to find the diameter of its image. 


Let q be the principal focus of the convex lens O, and let the angle pig. 96. 
P:R=—=pvr be that under which the ſun (or any other very remote 
object) appears to the naked eye: Biſect the 4 por with the line 
v4; then in the right-angled A vqgp or vr, we ſhall have the ſide 
vg and all the 4s, to find gp or gr, the ſemi-diameter of the image. 


PROP. XXXVI. 
_ Of the Camera Obſcura. 


243. By a Camera Obſcura in optics, is meant any darkned room or 
box, out of which all light is excluded, but what comes through a lens upon 
a white ſheet properly placed, ſo that the pictures of objects that are 
without, are ſeen thereon, This phenomenon is very curious, and being 
altogether explicable upon the principles already delivered ; its * theory 
may not improperly be explained here. 


Let OB be a darkened room or box, into which no light is admitted, Fig. 97. 
but what comes through the lens O, whoſe principal focus is F, and 


axis is Qq ; And let q be the focus, after refraction, of rays which come 


from * 244. 
* The mechaniſm of different ſorts of Camera Obſcura's, will be exhibited in Book III. d 
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244. Phenomenon, Now if a ſheet, of * white paper or canvas, be 
placed at ꝙ perpendicular to the axis Oq ; the pictures of objects that 
are before the lens, at the diſtance OQ, will be fairly and orderly re- 
preſented upon the paper, in their natural colours and proportions, but 
inverted. 

In the figure, to prevent confuſion from too many lines, there are 
drawn only the three pencils that come from the extremes P,R, and 
middle Q, of the object PQR; and in theſe pencils, there are alſo 
drawn only the two extreme rays, beſides the axes. But the rays 
flowing from any point P, for inſtance, upon the lens, are innumerable, 
the whole conical ſpace Pd, being filled with them; and theſe being 
all collected and united at the focus p, and there received upon the 
white paper, whoſe ſurface is uneven, are reflected by it all manner of 
ways; after the ſame manner, as objects themſelves reflect the light 
falling upon them. So that þ to a ſpectator in the room, is now, as it 
were, a real object, exactly ſimilar to the phyſical point P, and in pro- 
portion to it, as Op to OP. And þ is of the fame colour with P, be- 
cauſe the rays flowing upon the lens from P, are united at p, diſtinct and 
ſeparate from the rays coming from other parts of the object. 


In like manner, every other phyſical point of the object; ſends forth 
its cone of rays, which by the lens are brought to unite orderly at pgr ; 
and being there reflected by the paper, the image of the whole object 
is diſtinct and viſible, like a picture drawn upon canvas; but much more 
lively and perfect, than the beſt finiſhed drawings of the greateſt 
artiſt, 

If the objects are very remote, in proportion to the focal length of 
the lens, we ſhall have the pictures of thoſe that are in the ſame neigh- 
bourhood, pretty diſtinct at the ſame time, though they are at different 
diſtances from the lens; becauſe in that caſe the focal diſtances of the 
retracted rays, differ inſenſibly. 


245. Schol. 1. If the paper be moved nearer towards the lens, as to x, 
or farther from it, as to y; the picture will begin to be confuſed ; becauſe 
the rays proceeding from the next adjacent Sb of the objects begin 
to interfere and mix together, as the rays from the point a, will be mixed 
with thoſe from P, c. The diſtinctneſs of the picture, is entirely | 
owing to the ſeparation of the rays belonging to every point of the ob- 
je, upon their reception by the paper. And if the rays belonging to 
any phyſical point of an object could be ſeparated from all others, the Wi 
image of that point would be diſtinct upon the paper placed at an) 
diſtance either before or behind the focus ; only it would be leſs brig 1 

| beca C i 3 


The picture appears beſt upon white, be - and copiouſly, than bodies of other colours; d 
cauſe white bodies reflect light more uniformly paper reflects light more uniformly. than canvas. Wl 
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. becauſe it would contain fewer rays, according to the greater diſtance 
be of the paper from the focus. 
nat If the paper be moved farther and farther from the focus, the pic- 
re- ture will become more and more indiſtinct, and at length totally vaniſh, 
but no one part being diſtinguiſhable from the reſt; becauſe now the rays, 
even from remote parts, are mixed together. It is for a like cauſe, 
are that the room muſt be dark; otherwiſe the foreign light mixing with 
ind the pencils that form the picture upon the paper, weaken that picture, 
fo till at laſt as the light grows ſtronger it becomes inſenſible. A picture 
ays will be perfectly formed, upon a paper placed in the focus of a lens, 
ble, in the open field ; but the paper being at leaſt equally enlightened from 
ing all other parts, and its uneven ſurface reflecting the light it receives all 
the manner of ways; the picture formed by the lens is quite obliterated, 
r of and nothing is ſeen but the paper itſelf. 
ght 246. Schol. 2. Why the image is inverted, is evident by a bare in- 
s it ſpection of the figure; and it is manifeſt alſo, that this inverſion is not 
Yr0- owing to the lens: For if the lens be removed, and the light be 
be- admitted into the chamber, through a moderate hole of about an inch 
and or leſs in diameter, we ſhall have on the oppoſite wainſcot or wall, an 
inverted (tho' a very imperfect) picture of the objects without, after 
orth the ſame manner as when the light came through the lens upon the 
qr; paper ſcreen ; the ſeveral pencils in both caſes neceſſarily croſſing each 
yet | other, as well in the open hole, as at the lens. But without the lens, the 
nore picture will be very faint, and alſo confuſed: It is faint for want of 
ateſt ſufficient light ; there being now but very few rays for forming each 
point of the image, and theſe being reflected by the wall or paper all 
hof manner of ways, the ſeveral pencils that enter the eye are ſo rare, or 
ich. contain ſo few rays, as to be ſcarce ſenſible: And the picture is con- 
b. fuſed, becauſe the rays coming from the adjacent objects, interfere 
c the and mingle together ; and the larger the hole, the greater will be this 
confuſion, 
_—_ F. 4. Of the aberrations of rays, from the geometrical 
begin focus s of lens s. 
nixed Þ 
tircly EF & 0 F; . 
e ob- | LES 
ng to | Having the angle of incidence upon any given lens, of a ray parallel 
s, the “ the axis; to find the proper focus of the emergent ray. 
it any It will be ſufficient to trace the progreſs of the ray, through the 
right, ſphere, and the three convex lens's; the method of tracing the ray 


through the concave lens's, being much the ſame. This admits of four 
2 Caſes : 


Fig, 98 to caſes: in each of which Ag is the axis of the lens; DB is the incident 
102, ray parallel to the axis; RA RB the radius of the fide AB; and in 
fig. 101, 102. ra==r6 is the radius of the fide ab, and 5K is a ſtrait 
line. Q is the geometrical focus of the firſt ſurface AB, 9 the proper 
focus of the ray after its firſt refraction by that ſurface ; F the geome- — 
trical focus of the lens, and f the focus required. In each of theſe 
caſes, the angle of incidence DBd (or its ſupplement) = ARB, is 


given. 
247. CASE 1. Of a ſphere. 


1. Say m: n:: Sine 4 DBd (== 4 RBb) : Sine RBS then draw 
a Laws of te- BG, which is the refracted ray within the ſphere, and produce it to 7 
fraction. through the point 5, from the center R, draw the line RSE. Now 
the 2. R ="RbB RBG. 2. Say n:m:: Sine C459: Sine 2 2; 
and draw bf. 3. To find the point f; in the A RU will be given, 


the radius R45, the Z RF (= 180˙ — BR&4+ARB), and the 4 

a Trigonom. REF (==180? —&#6f), and conſequently the ; whence Rf* is eaſily 
found. 2, E. J. | 

Fi 248. Cas E 2. A plano-convex lens, with its plane fide towards the 

8. 99* incident ray. | 

In this caſe, the incident ray being perpendicular to the plane fide of 

the lens, it will paſs on directly to B unrefracted; and therefore the 

L RBD SBE is properly the angle of incidence. Wherefore, 1. 

Say n: :: Sine 4 dB: Sine C dByã, and draw Bf. Then 2. In the 

A RBf will be given, the fide RB, and all the 4s, *to find Rf. 


9. E. I. 


Fig. 10. 249. CASE 3. A plano-convex lens, with its convex fide towards the 
incident ray. 

1. Say]m: :: Sine 4 DBd (E="R Bb) : Sine 4 RBg. Through the 
point & (where the ray By cuts the fide ab) draw & parallel to AR; 
and produce DB to H. Then, 

2. Say n: m :: Sine 4 kbqg (E=xRBh—RBg) : Sine 2 E; and 
draw . To find the point f. 3. In the right-angled A Bb are given 
the fide B% (=Aa—Av) and the 4 bBh (E=RB54—RBg); to find 
55. 4. In the right-angled A af, will be given the fide 4 (B. 
bb), and the 4 abf (o -)); *to find af. 2. E. I. 

Fig. 101, 250. CASE 4. When both fides of the lens are ſpherical. 

102. 1. Make as before, m : n:: Sine 4 DB4(-=RBb) : Sine Z RB), 
or RBg. | 

2). I. Eue. 2+ In the A 7RB, are given the ſides R, RB, and the 4 R( DB. 

D or its ſupplement); to find the 2s Rr B, RBr, and the fide 7B. 


Fig. 98. 
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3. In the A Bb, will be given the ſides B, rb, and the C BZ (= 
RBq==RB7); to find the C Brb, and alſo the 4 rbB=—="45q. 
4. Say n: m:: *Sine 4 af Sine 747 and draw 6 f. 

5. In the A 74f, will be given the fide 76, the Z brf (=BrR= 
BrB, or their ſupplement) and the ZT; * to find rf. 2, E. J. 

If a ray HG parallel to the axis, enters the concave fide of a meniſ- Fig. 102. 
cus lens ; the point L where the emergent ray cuts the axis, and conſe- 


quently the aberration LM, from the geometrical focus M, may, as above, 
be found thus : 


1. Let it be m: :: Sine 7 + GH : Sine Z GK; and produce KG 
through Z to g; then will G be the refracted ray, within the lens. 
2. In the A Ry, are given the ſides Rr, 7G, and the C; to find 


: the Ls RG, GR, and the fide RG, 


z. In the ARGZ, will be given the ſides RG, RZ, and the 2. 


| RGZ (= 180? — KGr+rGR) ; to find the Z Z RG, and alſo the 
= ZRZG==eZg. 


4. Say n: m:: Sine C eZg : Sine 4. eZ L; and draw Z L. 
5. In the ARZL, are given the fide RZ, and all the Cs (viæ. the 


| : R=180*—ZRGFGRy, and the 4 RZL=180*—eZL); to 
* find the fide RL. C. E. I. 


251. Schol, 1. Having the foci F, ; the longitudinal aberration F/, Fig- 98 70 
of a given fay DB, is therefore given: And to find the lateral aberra- O. 
tion FG; in the right-angled A FFG, are given the fide /F, and the 


4 FFG RVb. 


252. Schol. 2. The point of incidence B, was taken at ſome diſtance 
from the edge of the lens ; becauſe a lens let in a frame or cell for uſe, 
has a part, towards the edge, always covered. This makes no alteration 
as to the two firſt caſes; becauſe a whole ſphere cannot be uſed, as a 
lens: And in the ſecond caſe, the incident ray undergoes no refraction 
by the firſt fide. But in the two laſt caſes (fig. 100 to 102.) if the 


point B be taken at the edge, that is, if ABvZ be ſuppoſed the lens, 
the calculation will be ſhorter. Thus, 


CASE 3. 1. Say : :: Sine Z DBd : Sine RBg. Fig, 100. 
2. Make 7: m :: Sine 4. bBg : Sine 4. YB; and draw B. 


3. In the right-angled A B, are given the fide vB, and the Z. 
(SBV); to find vf: E ITY ; / 


K Cask 


(6 A TREATISE Boox 1, Þþ 
Fig. 101, Cask 4. 1. Say : :: Sine 4 DBd (=RBb5): Sine 4 RBg. = 


EO 2. In the Ar BR, are given either the three ſides, or two fides and | : 
the E R; to find the 4 RBr (whoſe ſupplement, fg. 101. is /BR) 
and the 4 RrB. N 


> 4 BS IBR — RBq  «< = 

3. Say n: :: Sine 4 B RBq — RBr* Sine 2. Bf © | 
4. In the A 7B, will be given the fide B, and all the Cs (v/z. the! 
Cr, and the 24. 7 Bf (=180—/B, fig. 101.) to find rf. Q. E. J. i 


253. Schol 3. Suppoſing the fines of incidence and refraction from | 7 
glaſs to air, to be as 3 to 2 ; the following table (if no miſtake crept | * 
into the calculation, which 'twas difficult to avoid) gives the aberrations Þ 
of the lens's therein ſpecified, in ſuch parts that the focal length off 
each lens is 100,000 nearly; and the ſeveral apertures that correſpond, Þ © 
are alſo the ſame nearly ; that is, making the Real length of each lens | © 
Radius, the correſponding angles of incidence will be nearly the fame; Þ = 
or AgB in each lens, and 46 in the ſphere, will be nearly of the ſanme a 


breadth. 

— — ES U 
Fig. 98. [| Fig. 99. | Fg. x00. | Fg. 101. [is 
| RF==100,000 || AF = loo, ooo | RA==50,000 RA ru oO, o F 
La RCG Ff LC ARB|] FF | FG [ZDB FF || 42 DBd F/ | 
0 1 0 1 | [ 585 1 FRY 8 4 | : Ki 
3:0 -+| 697.6 || 4: 0 548.63 19.217] 4:0 [142.61 2:0 | 20341 WF © 
N 1: 304. 173.9302: 0135.22.36 | 2:0 | 35.867] 1:0 | Fo. 331 an 

þ; 0:45+| 443301 © | 34-1 | 0.297] 1:0 8.8880 o:30 | 119 8 
5 e: 222 | 11-31 0: 30 8.1 I 0.035} o: 30 2.295|| ©: 15 3-07 f 1 
1 Note, In computing the aberrations of the two laſt lens's, I neglectel C. 
| their thickneſſes ; that is, I ſuppoſed each ray to enter at the edge f Þ* $ 
+ the lens. S th: 
4 254. Schol, 4. By the method ſhewed in the preceding propotiun no 
{ may be found the exact quantity;of the aberration of parallel rays, from FT 
the geometrical focus of any given lens, having a given aperture. E.] cor 
quations have been alſo formed for this purpoſe ; but as the method cir 


of raiſing them is unavoidably tedious, and their application very lab Þ 
rious, on account of their involving a great many terms; and aberr- 
tions from the figure, are but of ſmall moment, in compariſon of the | 
aberrations on account of the different refrangibility of light ; as wil 


be ſcen in the next ſection. I ſhall therefore omit inſerting theſe equi- Þ 
tions | 
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tions here; but ſhall take the liberty of borrowing from “ M. Huyger:, 
(who, I think, was the firſt that took the trouble of making the compu- 
tation, ) the proportions which the longitudinal aberrations of the extreme 
rays parallel to the axis, nearly bear to the thickneſſes of the following 
claſs lens's ; the point where they enter, being ſuppoſed not very remote 
from the vertex, and alſo in the edge of the lens; as the point B in 
the lens ABvZ, fig. 99, to 102. | 


255. When the incident ray falls upon the plane fide of a plano- 
convex glaſs, F/; Av, nearly. This has been already demonſtrated 
in Art. 138. | 

256. When the incident ray falls upon the convex-ſide of a plano- 
convex glaſs, Ff= ++ Av, nearly. And therefore the longitudinal ab- 
erration of a plano-convex glaſs, is near four times leſs in this caſe than 
in the former; being as ++ to ft, or as 7 to 27. 


257. When the glafs is a double convex, of equal convexities, Ff 


—+ Av nearly ||. And therefore the aberration of this glaſs to that of 
a plano-convex in its beſt poſition, is as J to +, or as 10 to 7. 

258, A double convex glaſs having the radius of the firſt ſurface 
upon which the ray falls, to the radius of the ſecond ſurface, as 2 tog ; 
is juſt as good as the plano-convex in its beſt poſition, it being in both 
Fi==p AV. 

259. A double convex, having the radius of its firſt ſurface, to that 


of the ſecond, as 1 to 6, is the beſt glaſs of all; and its aberration FF 


Si Av. But if the other fide of this glaſs be expoſed to the parallel 

rays, EF will be = r Av. 

2 ſide, towards the in- 

cident parallel rays, has leſs aberration than any meniſcus, with its 

13 
contave 


that that meniſcus is beſt, which approaches neareſt in ſhape to a pla- 
no-convex lens. 


261. The above proportions of Ff to Av, will be alſo the fame in 
concave glaſſes under like circumſtances ; Av bong now taken at the 
circumference of the lens. See Art. 137 & 199. I. 


K 2 262. 


* Huyzens's Dioptrics, Prop. XXVII. See ſurface, if there had been no aberration cauſed 
ſo Dr. Smith's Optics, Book II. Chap. 13. by the firſt ſurface, would have been (by Art. 58.) 
+ This may be proved from At. 138, 61. = Aw nearly (becauſe QA is thrice RA); 
For by Au. 138. the aberration Qg of the firſt by adding theſe together we have (345 A 


260. A plano-convex glaſs, with its 


c ſide expoſed to parallel rays. Whence it neceſſarily follows, 


ſurſace is = Aw; this then will cauſe an aber- 2 Aw for the aberration E. 


ration from F =2 of + Aw nearly = Z Aw. | So far reaches the Table, 47. 253, with 
And by . 61. the aberration FF of the plane which the above numbers agree nearly. 


Fig. 99, 
100, 101, 
102. 


Hg. 99. 


Fig. 99 
102. 


2140, J. 
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262. Schol. 5, Which ever fide of a lens is beſt when expoſed to pa- 


rallel rays, that fide will be the worſt when expoſed to rays diverging 


from a focus, near the principal focus of the lens: And vice verſa, This T 
is ſufficiently manifeſt of it ſelf. 
PR OP. XXXVII. n 
263. Having the focus of a ray, either diverging or converging upon as 
a- given point, of any given lens; to find the focus of the emergent ray. the 
It is needleſs to have figures on purpoſe to illuſtrate this propoſition ; ch 
but in thoſe laſt referred to, in the axis produced, We may ſuppoſe 
fome point Y, to be the focus of the incident ray. The propoſition foc 
may be reduced into two caſes. as 
CAs 1. When the incidence is upon a ſpherical fide. _ 
Let B be the point of incidence, and in the A YRB will be given * 


the ſides YR, RB, and the E R, to find the angle of incidence Y; then 
the reſt of the proceſs will be as in the preceding propoſition. 
.Cast 2. When the incidence is upon the plane fide of a plano convex 
lens. 
Let the point of incidence be þ ; and in the right-angled AY ah, will 
be given the two ſides Ya, ab; to find the of incidence V. 2. Find 
the refracted C at h, and ſuppoſe for inſtance the point O to be the 
focus of the ray refracted at h; to find the point O, in the right- 
angled A haO will be given the fide ah, and the Z ; to find 40. 
Let B be the point where the ray emerges out of the lens: In the 


ARBO will be given the ſides RB, RO, and the 4 O; to find the - inter 

RBO, whoſe ſupplement is the 4. dBO; then ſaying 1: : Sine £ of th 

dBO : Sine 2.4 Bf, we may draw the ray BY. Laſtly, in the A RB} cal f 

will be given, the ſide RB, and all the-2s, to find Rf, 2. E. I. the 
F 

PROP. XXXIX. hn 

| in thi 

„ 264. In every lens having different apertures, the longitudinal aber- noi 

rations (Ff) of the extreme rays parallel to the axis, are as the ſquares, that i 

and their lateral aberrations (FG) as the cubes, of the diameters of thole and tl 

apertures, nearly. On, the longitudinal and lateral aberrations of pa- BF C 

rallel rays, incident at different diſtances from the axis of any lens, are lines ! 

reſpectively as the ſquares and cubes of theſe diſtances, nearly. numb 
This has been already demonſtrated of ſingle ſurfaces, and conſc- 27, 


uently alſo of plano-convex and concave lens's, with their plane fides 
expoſed to the incident rays. And from what has been ſhewed in Art. 


60, 130, it may be gathered, that in all lens's, the longitudinal aberrs- 
tions 
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tions * are in ſome conſtant ratio to Av the thickneſs. of the lens, at 
leaſt nearly; and Av is as the ſquare of the breadth BZ nearly.” 36. I. 
Therefore, Cc. 
Again, whilſt the aperture BZ remains the ſame, FG will be in the 
ſimple ratio of F/, that is as BZ* ; but as the aperture BZ is increaſed 
or diminiſhed, FG at the ſame time increaſes or diminiſhes, not onl 
as E/, but moreover in the ſimple ratio of the fine of AB; that is in 
the whole, as the cube of the fine of AB, or as the cube of the 
chord- of BZ, nearly. 2. E. D. 


265. Schol, 1. In different lens's, that have the ſame apertures and 
focal lengths; the lateral aberrations of parallel rays in each, are nearly 
as the longitudinal ones: But in that lens which has the greateſt aberra- 
tion, the ratio of the lateral aberration to the longitudinal one, is the 
greateſt. Let OF, fig. 99. be F, fig. 100. then will Fp in the for- 
mer be = F in the latter; vB and vF in each being ſuppoſed re- 
ſpectively equal. Now, fg. 99. the ratio of GF to F/, is greater than 
þ x ratio of pF to FO, becauſe the O is leſs than the 2 /, and the 
„ -F in both As is common. Therefore, Sc. 2. E. D. 


266. Schol. 2. Now it is manifeſt that no lens can gather all the rays 


into one point; and that the focus's of all the rays, as they are more 
id and more remote from the axis, will lie orderly nearer and nearer to 
he the lens, than F. Nevertheleſs it is manifeſt alſo, that F or a point 
t= very near to F, is the burning focus of the lens, or that place where the 
O. WE raysare denſeſt of all. | 
= = Let the arches Aa, ab, bc, cB, cC, on each fide of the axis AF, Fig. 10 2 


intercepted between the parallel rays o, 1, 2, 3, 4 at their emerſion out 
of the plano-convex lens BAC, be all equal; and let F be the geometri- 
cal focus of the lens, and / the focus of the extreme rays 4, 4. At 
te point F, upon the axis AF, raiſe on each fide the perpendiculars 
= FG, FH. Divide FF into as many equal parts, as the ſquare of the 
number of equidiſtant rays on each fide the axis, contains units; that is, 
in this example divide FF into 16 equal parts; and from the point F 


ber- towards f, lay off the ſquares of the numbers 1, 2, 3, Sc. reſpectively ; | 
1 that is, let FI be = 1, F2==4, F3 q, and F4 or Ff=16; 
0 


and thro' the points 1, 2, 3, F draw the rays-a1, a1; 62, b2, cz, ez; 
8 BY, Cf, and produce them till they meet the line GH; then will 4. 
nes FG, FH be divided at the points 1, 2, 3, 4, as the cubes of theſe 
numbers, nearly; that is FI, Fa, F3, F4, will be as the numbers 1, 8, 
27, 64, nearly. Or if GH be firſt divided after this manner, rays drawn 
to the reſpective points therein will divide F/, as. above, nearly. 


267. 
See the Table, t. 283. 
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267. Schol. 3. The rays refracted by the lens, will be ſome of them 


ſpread all over a circle, whoſe diameter is GH ; and as they increaſe in 

denfity from G and H towards F, ad :nfinitum; and from F decreaſe in | 

the ſame manner, fo as at G and H the denſity becomes nothing; at | 

the center F, they will be infinitely denſe ; and at the extremities G, H, 

| they will be infinitely rare, and therefore cannot there be ſenſible, Let 
Fig. 104. the line GH, fig. 104. be divided in the fame manner with GH, fig, © 
103. And from the center F, deſcribe the circles 1F1, 2F2, 3Fsq, 

4F4. Now the light contained in the ſmalleſt circle, is equal to that 

which is contained in the ſpace between the peripheries of any two 
adjacent circles ; and the light contained in the circle whoſe diameter 

is2F 2, is equal to all the reſt : Whence it ſeems probable, that in a lens 

having a large aperture, the diameter of the greateſt circle of aberration 

that is ſenſible cannot much exceed 2F 2 ; at leaſt I think we ſhall be 

much within compals if we aſſume this diameter not leſs than 4 GH. 


Fig. 103, 268. Schol, 4. The leaſt circle, through which all the rays refracted 
by any lens can paſs, has for its diameter a certain line gh, drawn 
between the remoteſt points g, H' from /, where the extreme rays cut 
any of the other rays on contrary ſides of the axis. If the refraction © 
be by a ſingle ſurface, or by a plano-convex lens with its plane fide * 
expoſed to parallel rays, the line gh will be =*4GH. Alſo the dia- 
meter of the leaſt circle, through which all the parallel rays, reflected 
by a concave ſpherical ſpeculum, can paſs, will be . FG. | 


Fig. 24, 


. Ak 


269. Fan incident ray that is not very oblique to the axis of any len, 
be confidered as having its focus in the point where it interſefs that axis; 
or as belonging to the oblique pencil, whoſe axis is parallel to the ſaid ray; 
the lateral aberrations of the emergent ray in both caſes, will be as tit Þ 
4 diſtances of its fecus's from the lens, nearly. 
4 : Let F/ produced be the axis of the lens, Q the focus of an incident 
9 FS 105» ray, either diverging as QB, or converging as MB, to the point B. Pa- 
| 855 rallel to QB draw the axis Ob, Let q be the geometrical focus of emer- 
gent rays, whoſe focus of incidence is Q; 65 the geometrical focus 
of rays parallel to O5; and let By produced be the emergent ra). 
Upon the axis's Oq, Os raiſe the perpendiculars 977, bs, till they meet 
the emergent ray. I ſay the lateral aberrations 97, bs are as the diſtances 
from the lens Bq, Bb, or Oꝙ, of, nearly; that is, 97: bs :: Og : of; nearly 

In the As Bhs, Bot; had the 2s and g, or s and t been equal, it would 


have been exactly qt : bs :: Bq : BG. But in theſe As, the C B being 
ver] 


* Newton's Optical Lectures, page 184, 185. + Dr. Smith, ibid. 
Alſo Dr. Smith's Optics, Art. 339. 
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very acute, and the 4s 9,5 being not very oblique ; the inequality of 
theſe Zs can create but a very ſmall and imperceptible error in the 
above proportion of By: Bb :: gt : bs. And the nearer B is to O, the 
leſs will that error be; alſo in that caſe, the nearer will By, Og, and 
Bb, Of be to a ratio of equality. Therefore, Cc. &, E. D. 

270. Schol, 1. From what has been before ſhewed about the aber- 


rations of ſingle ſurfaces, it is manifeſt that this propoſition is univerſal 
for them alſo ; and likewiſe for concave, as well as convex lens's. See 


fig. 43 to 48. 


271. Corol. When Og is greater than Ob or Of; the ratio of rt to 
bs, is leſs than the ratio of By to Bh., And when Og is leſs than Of, 
the ratio of t to bs, is greater than the ratio of By to Bb. 


272. Schol. 2. In a lens having a moderate aperture, the aberration 
bs, is nearly equal to the aberration fv, of a ray NB parallel to the 
axis. For in the As Bbs, Bfv, the Cs bBs, FB are nearly equal; and 


ſo are alſo the other correſpondent Es, and the ſides Bb, Bf are alſo near- 
ly equal. Therefore, &c. 


273. In order to avoid the aberrations, ariſing from the ſpherical 
figures of lens's, ſeveral of the * writers of dioptrics, before Sir Jaac 
Newton publiſhed his optical diſcoveries, had beſtowed much pains in 
inveſtigating the figures of lens's, that would refract a direct pencil of 
(homogeneal) rays, having a given focus, into a point, without any ab- 
erration. But theſe authors, not regarding the oblique pencils, their 
+ theoretical lenss, if they really could have been made, would not have 
anſwered all purpoſes better than thoſe we now have; and upon the 
whole they would not have been fo good. For if an object of ſome 
breadth be placed in the given focus, the extremes of the object ſeen 
through fuch a lens, would be far leſs diſtin than the middle part; 
and this indiſtinctneſs would increaſe very faſt, as the object ſubtended 
a larger angle; and in common lens's, we do not ſo much want to cor- 


rect the aberrations of the direct pencils, as we do to correct thoſe of 


the oblique pencils. Again, if the focus of incident rays be changed, 


that 
* Monſ. Huygens in particular, ſeems to have of one piece of glaſs, by cementing two like con- 
beſtowed more pains upon Diop:rics, and to have cayo-convex glaſſes, with water between them, 
treated that ſcience in a more elegant manner, together; the radi: of the ſides of each glaſs 
than any author before him. But this truly great having a certain ratio to each other. A con- 
man no ſooner ſaw Sir 1/aac Neacton's differta- trivance ſomewhat like this, had been alſo thought 
tions about the different refrangibility of light, of by Dr. Hook, before Sir J/aac Newten. But 
a he ingenuouſly embrac:d this new theory, as the aberrations cauſed by the figures of com- 
and laid aſide all farther thoughts of improving mon lens's, are altogether inconſiderable when 
refracting teleſcopes, which was his principal aim, compared to the aberrations from the different re- 
by correcting the figures of their glaſſes. frangibility of light: this contrivance will not 
T dir J/anc Newton hath ſhewed (Newton's anſwer the pains, as Sir {aac hunfelf hath 
Optics, 8vo Hug Life edit. page 99.), how to mai.e ſhewed. | 


2 better lens for aul purpoſes, than can be made 
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that is, if an object be placed nigher to, or farther from the lens, than | 
«the focal diſtance for which it was formed, there would be then none i 
the pencils of light, that came from the object, free from aberration - 
after refraction by the lens; and a ſpherical lens in this caſe alſo, woul! 1 
do better than the other. So that upon the whole, ſpherical ſurfaces, 1 | 
5 

a. 

b 


72 


or common lens's, as well for the reaſons above aſſigned, and alſo be. 
eauſe they are the eaſieſt formed, may be reckoned preferable to any 


other, ; 
SECTION V. l . 

Of the aberrations cauſed by the different refrangibility l di 
of the rays of light. f c 

| F 

= re 


Rays of light 274. ROM the common * phænomenon of a diſtorted coloutel : gr 
—_— image produced by a glaſs triangular priſm, and from ſeveral © wm 
aver experiments deviſed by himfelf ; Sir 1/aac Newton hath clearly demon- of 


diſcovered by g Þ . p 
Sir JaacNew- ſtrated, that the rays of light are not all equally refrangible : that is pa 
Im rays of light impinging any refracting ſurface, at the ſame degree of ob- th 
liquity from the perpendiculars to that ſurface at the points of incidence, © fro 
will not be all equally bent or refracted towards or from the ſaid per-] 
ndiculars ; but ſome will be more, and others leſs refracted, and that n u 
all poſſible degrees between the limits of the leaſt and moſt refrangibe fer 
rays. = MC 
Cauſe of co- 275. The ſame great author alſo diſcovered, that the cauſe why bo 7 
—_ _ dies appear of different colours, is their refle&ting ſome of the differently . a f. 
3 refrangible rays, more copiouſly than others; the moſt refrangible rs gul 
thor. oduci ol, d the leaſt refrangibl 4 col And 6 © 
| producing violet, and the leaſt refrangible rays red colours. An unt 
others through all the intermediate degrees of refrangibility, producing ſtea 
all the varieties of different colours. And hence, the peculiar colour gate 
of particular bodies, are owing to ſome peculiar textures or propertis I Th. 
of theſe bodies, that diſpoſe them to refle& ſuch rays of light, as ar dec. 
ſuited to produce the idea of ſuch and ſuch a colour, ani 
270. he 
1 4 EY » | 22 . 1 ſhey 
The priſm was in many hands, and the phæ- in which are many curious and ſurprizing diſco We whi 
nomenon above well known, but not the cauſe ries about light, which do not immediately con- 1 
of it, before Sir Jaac Newton's time. There is cern us here. And of all Sir //aac's great pe- WR. degr 
no meddling with the ſubje& of this ſection, formances, his Optics is juſtly eſteemed as one! ue 
without borrowing from Sir Jaac Newt:n's Op- the chief. That Edition I refer to, is the Eg I 
tics ; but I ſhall be very brief in my * Octavo. = 
from it, and refer the reader to the book it ſelf, = Cumſta 
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rer. V. OF OPTICS. | 
276. The different refrangibility of light, is a great impediment to the 

rfection of optical inſtruments. But this diſadvantage is infinitely out- 
weighed, by the ineſtimable benefits accruing from the diverſities of co- 
lours ; theſe, by their variety, not only contribute greatly towards the 
beauty of the material world, but alſo help us to diſtinguiſh - bodies 
and things one from another. And it is almoſt demonſtrable, that if 


all the rays of light had been perfectly alike in their properties, all the 
bodies in the univerſe would have appeared of one colour. 


277. After what manner the ideas of different colours are produced 
in the mind, 1s a propoſition as far above our reach, as how we have 
the ideas of different ſmells, taſtes, c. But it cannot be doubted, that 


the impulſes of light upon the optic nerve, which excite the ideas of 


different colours, muſt be themſelves different; and this difference 


muſt ariſe from a difference in the conſtitution of light itſelf, And as 
thoſe rays that are the leaſt refrangible, undergo the leaſt change by the 
refraction of bodies ; it ſeems probable that their impetus ſhould be 
greater than that of rays which are more refrangible: And this greater 
impetus of the leaſt refrangible rays may proceed, 1. from the particles 
of theſe rays being larger than thoſe of the other rays; or, 2. theſe 
particles having a greater denſity, their magnitudes being the ſame with 
thoſe of the reſt; or, 3. from their having a greater velocity ; or laſtly, 
from theſe ſeveral cauſes combined together. 


278. Defin. Rays of light that are alike refran ible, are called 55- 
mogeneal rays ; alſo fimple, and ſimilar rays : And thoſe rays which dif- 
fer in their refrangibility, are called Hheterogeneal, compound, or diſſimi lar 


rays. 


- 


279. Phenom. If the ſun's rays admitted into a dark chamber, through Fig. toy. 


a ſmall round hole O in the window-ſhutter, be intercepted by a trian- 
gular glaſs priſm BAC, and the priſm be turned * flowly round its axis 
until the ſun's image be thrown on the oppoſite fide of the room ; in- 
ſtead of a round image, there will be formed an oblong one PT, termi- 
nated with two rectilinear and parallel ſides, and two ſemi-circular ends. 
The ſides will be pretty well defined, but not the ends, the light there 
decaying and vaniſhing by degrees. The breadth of the oblong image, 
anſwers to that of the ſun's image at a like diſtance from the hole, 


when its rays are not refracted; and its length being much greater, 


ſhews that the rays which go to T, are not ſo much retracted as thoſe 
which go toP; and ſo all the rays that fall from T towards P, have greater 
degrees of refrangibility, as they are more remote from T. So the ob- 

L long 


I . 0 . . . . 
| See this experiment, with all the minute cir- ron's Optics, p. 21, c. The ſhort account above 
2 that are neceſſary in order to make it is ſufficient here, being only intended as an intro. 
ucceed beſt, deſcribed at length in Sir Yaac Neo- duction to what follows. 
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F ig. 108. 


Fig. 107. 
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long image PT is compoſed, as it were, of innumerable circles (p,q, r. 
s, tf, &c.) each anſwering to the ſun's image, and whoſe centers lie 'f in 
a ſtrait line betwixt T and P. And hence it is, that the ſides of PT 
are rectilinear, and well defined, and the ends ſemi-circular and faint. 


280. The ſpectrum PT conſiſts, as the phraſe is, of all the colours 
of the rainbow, all orderly ranged, as expreſſed in the figure, The 
dotted lines ſhew the confines of the colours, all the ſpace between them, 
oppoſite to the name, being allotted to ſuch a colour. But the colours 
are not totally ſeparated in any one part, but contiguous, and running 
into one another. For example, the ſpace allotted to red, contains in- 
numerable degrees of red; the laſt of the red being not diſtinguiſhable 
from the firſt of the orange, &c. I 


281. The number of primary colours ſeems to be altogether arhi- 
trary : Sir aac Newton was pleaſed to diſtinguiſh them into ſeven, vis. 
violet, indigo, blue, green, yellow, orange, red, as expreſſed in the figure; 
out of theſe white and black, vulgarly called colours, are excluded: 
Whiteneſs ariſing from a mixture of light of all colours in equal pro- 
portion; and blackneſs from a reflection of a very ſmall quantity of a 
mixture of rays of all ſorts. The ſpace PT 1s divided (by the dotted 
lines ſeparating the colours) as a muſical chord, agreeable to Sir I/aac 


Newton's method : See his Optics, page 110. The circular ſpaces at 


the ends repreſent a little faint penumbra. 


282. ＋ Rays of the ſame colour, have always the ſame degree of re- 
frangibility. And the colour exhibited by any ray ſeparated from the 
reſt, always continues invariably the ſame ; however that ray may be re- 
fracted or reflected, ſo long as it is not blended with other coloured 
rays: For inſtance, a red ray always exhibits redneſs, and never any 
other colour; and a green ray always retains its greenneſs, &c, In like 
manner, all ſorts of rays mingled together, always exhibit whiteneſs, 
whether theſe rays are parallel, condenſed in a focus, diverging or 
converging, ſo long as they are not ſeparated aſunder. But if any of 
the coloured rays are wanting in the mixture, whiteneſs will not be 
produced ; and the colour will be different, according to which rays are 
moſt predominant. And hence, all the varieties of colours of natural 
bodies, proceed from the different proportions in which they refle& 
ſome, and abſorb others of the different coloured rays of light. And 
when moſt of the rays are abſorbed, and but few reflected, blacknels 

is 


+ See Newton's Optics, Book I. Part II. Alſo rent degrees of light. However black is not one 
Book II. and IIl. of the priſmatic colours ; and perhaps it may pro- 
There ſeems to be ſomething in the conſti- ceed from ſome kind of mixture of ſome pecu- 
tution of black, beſide a mere deficiency of light ; liarly coloured rays, when others are totally ab- 
for bodies will retain their colours, in very diffe- ſorbed, or reflected a different way. 
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is exhibited, So that colours are not in bodies, for they will appear 
of any colour, if they be enlightened only with rays of ſuch a peculiar 
colour; but they are ideas excited by ſome difference in the impulſes 
upon our optics, of the differently refrangible rays *. 


283. If the round hole ih the window-ſhutter enlightened only oy the 
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clouds, be ſeen by rays refracted by a priſm, its image inſtead of ap- 
xaring round will be oblong, and coloured like the ſun's image, as be- 
tore deſcribed. And univerſally, the light reflected from all natural 
bodies, when refracted in the ſame manner, will have like effects. Alſo 
priſms made of water (by confining it between three glaſs plains cemented 
together,) or any other tranſparent medium hitherto known, will have 
like effects; only the length of the coloured image will differ, accord- 
ing to the different degrees of the refrangibility of the priſm. 


75 


284. Let RS be any refracting ſurface, ſuppoſe of glaſs, PO a per- Fig. 109. 


pendicular thereto at the point B, and let the line DB make an oblique 
angle with PB. If the ſolar rays be conceived to flow along DB, con- 
tinually ſucceſſive to one another, ſo that they may one after another 
impinge on the point B, and there be refracted into + a denſe medium; 
or, if DB be ſuppoſed an indefinitely flender pencil of parallel rays, 
falling on the refracting ſurface at the points neareſt to B; theſe rays 
after being refracted, inſtead of keeping cloſe, as it were, in one lime, 
as before, will diverge from one another into different lines Bp, Bg, 
Br, Bs, Bf, Fc. and into innumerable others through the intermediate 
ipaces, according as each ray is ſuited to ſuffer a greater or leſs refraction. 
The rays By that are refracted the moſt produce purple colours, and 
thoſe Bt refracted the leaſt produce red A and all the intermediate 
rays produce different colours ||. | 

285. Schol. If RS be a plane furface, and the medium be terminated 
by another plane ſurface TV parallel to the former; the rays after both 
refractions will emerge in lines parallel to the incident ray DB. 


*67.1, 


286. In like manner, if DB be ſuppoſed a very ſlender pencil of parallel Fig. Wy 


- 


rays, incident upon any refracting ſurface or lens BAS, at points infinitely ;; 114. 


near to B; theſe rays after refraction will interſe& the axis AF of the lens, 
at different points F, /; that is, the moſt refrangible rays will have their 
focus at f, nearer to the lens; and the leaſt refrangible rays, will have their 


L 2 focus 


See 279, I. | 
7 The caſe is the ſame when the incidence is 
from a denſe into a rare medium, only the moſt 
e de rays will be fartheſt from the perpen- 
cular, 
If the different ſor:s of coloured rays follow 
ene another in the fame line, their velocity is ſo 


exceeding great, that no interruption between the 
different ſorts can be perceived. And if they 
come together like threads, they are ſo cloſely 
united and prodigious fine, that the ſmalleſt per- 
ceivable thread or pencil, or what we would call 
a ray of light, conſiſts of an indefinite number of 
different ſorts of coloured rays. 


Fig. 110. 
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focus at a point F, more remote from the lens: and innumerable other 
rays will interſect the axis in different points, all 9418 orderly between 
F and /, according as thoſe rays differ in degrees of refrangibility. 

287. The ſines of incidence and refraction of all ſorts of rays *, are 
in a conſtant ratio; that is, Whatever is the ratio betwixt theſe ſines, at 
any one degree of incidence of any particular ray, there will be the 
ſame ratio between them, at all other degrees of incidence of the ſame 
ray; at leaſt, as exactly as can be diſtinguiſhed by experiments. 


288. If the common fine of incidence from glaſs to air is 50 +, the 
ſines of retraction of the leaſt and moſt refrangible rays will be 77 and 
78 reſpectively. Whence in ſmall refractions (that is, ſuch that the 
angles and their fines are nearly proportional) the refraction of the leaſt 
refrangible rays, is to the refraction of the moſt refrangible rays, as 27 
to 28 nearly; or . EBF: CEB :: 27 : 28, nearly. And the diffe- 
rence of the refractions of the leaſt 3 and moſt refrangible rays, 
is about /: or Ar of the whole refraction of the mean refrangible 
rays. 
289. By dividing the difference between 77, 78, the fines of the leaſt 
and moſt refrangible rays, in the ſame manner as the ſpeffrum PT, 
fg. 107. is divided by the dotted lines; Sir Jſaac Newton || computes 
the fines of refraction from glaſs to Air, of the ſeveral forts of rays con- 
tiguous to theſe dotted lines, to be 77, 774, 775, 77% 772, 77+, 77%, 

85 their common ſine of ee . 75 ; / at 4 the GY 
incidences of all red-making rays out of glaſs into air, are to the fines 
of their refractions from 50 to 77, and 50 to 773. The common fine 
of incidence being 50, the fines of refractions of the orange-making 
rays are from 777 to 773 ; thoſe of the ye/low-making from 77 to 774; 
thoſe of the green-making from 775 to 775 ; of the blue from 774 to 
775 ; of the indigo from 774 to 774 ; and thoſe of the violet from 77; 
to 78. | 

290. If the above numbers be made the fines of incidences from air 
to glaſs, of the ſeveral forts of rays reſpectively ; * the fine of refraction 


of them all will be 50. 


P R OP. 


* Newton's Optics, p. 64 to 70. & p. 82. 


I Ibid, p. 111, 
+ Newton's Optics, p. 73. 
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291. FV heterogeneal rays or rays of all ſorts are incident upon the 


ſpherical 1225 of a rare medium, whether it be concave or conuvex*x, 
or upon th 


» plane fide of a plano-convex lens, parallel to the axis and not 
Pp 2 | 
+ very remote . 


The focal diſtance from the refracting ſurface or lens of the leaſt re- 


frangible rays, will be 


To the focal diſtance of the moſt refrangible rays; 

As the difference. between the: fines of: incidence and refraction of the - 
moſt refrangible rays, 

To the difference bettoeen the ſaid fines of the leaſt refrangible rays. 

Let O be the center of the ſpherical refracting ſurface BA, OF a line Fig. 110. 


F perpendicular to that ſurface, and allo to the. plane ſurface Bus; DB 
a line parallel to the axis QF, along which let the incident-rays be ſup- 


poſed to flow ; F the focus of the leaſt refrangible rays, and / the focus 


of the rays that are moſt refrangible. Let the greateſt of the fines of 
incidence and refraction of the moſt refrangible rays, be called M; and 


the greateſt of the ſaid fines of the leaſt refrangible rays, be called 
L; and the leaſt of the fines of incidence and refraction of both. ſorts . 


of rays call I, I fay AF : A:: M—I: L—TI. 


For L—I : I:: OA: AF; and M—I : I:: OA: A/. Therefore 1 125, & 
MI: L—I :: AF: Af. Q. E. D. 


292. Corol. 1, ML (M—I —L'— : FF (AF—A/) Af | 
293. Corel. 2. If the refraction be between glaſs and air, it will be 
AF: A:: : 257+ . | 


For Min]: Lo: *78— 50 : 77—50 :: (28: 27) AF: Af . 
Whence alſo the longitudinal aberration Fe AF = A 4. 


127. J. 


P R O p. 


* dee fig. 41, 42. aberration from the figure affeding the truth 05 
F This limitation is neceſſary, to prevent the the propoſition. 


Fig, 111. 


2 125 & 
126.1. 


» 126 & 


127.1. 


Fig. 111, 
© 126, J. 
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294. J heteregeneal rays are incident upon a ſpherical ſurface, whe. 


ther convex or concave*, of a denſe medium, parallel to the axis and nit 
very remote from it; or upon the plane fide of a plano-concave lens with 
like reſtrictions, it will be, | 

As the diſtance of the focus of the leaſt refrangible rays from the center 
of the ſpherical refracting ſurface, W 1 
Is to the diſtance of the focus of the moſt refrangible rays from the ſail 3 moſt 


center; : 
z 3 
So is the difference between the fines of incidence and ręfraction of the L 
moſt refrangible rays, I 
To the difference between the ſaid fines of the leaſt refrangible rays. calle 
That is, retaining the ſame references as in the preceding propoſition, I Poli 
OF: Of: M—I: LI. amn : 
For AO: OF ::*L—I:I; and AO: Of :: *M—I : I; 0 
Therefore OF: Of :: M—I : L—-I. E. D. | ö moſ 
295. Corol. x. The refracting mediums and the radii AO, g. 110, n 
111. being the ſame, the longitudinal aberrations FF of heterogeneal 
rays in both caſes will be the ſame. KC 
For AF and AF, fig. 110. are * equal reſpectively to OF and Of, IM "= 
. 111, toon, 
296. Corel. 2, OF: Of :TAF: A if, - For, I Ap, 
MI: M:: AO: Af; ö 0 
And AQ : AF:: L—-I: L. Wherefore leser 
M- I: LI :: MAF: LX A/. Therefore, &c. WF calle 


297. Carol. 3. Becauſe the ratio of AF to A V is leſs than the ratio of ey 
OF to Of; the ratio of / F, to AF or Af, fg. 110. is greater than the © ©© 
ratio of F to AF or Af, fig. 111. And if the medium, fig. 111. * 
glaſs, it will be 28 : 27 :: 78 AF: 7 A:: OF: Of; or AF: Af : (© 
(28 * 77: 27 * 78 ::) 2156 ; 2106; whence fF is about = pq AF. WW 


PROP 


See fig. 39, 40. 
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whe. 298. If heterogeneal rays, are incident upon any lens whatſoever, 
d nt uboſe thickneſs is very ſmall, parallel to the axis, and not very remote 
with WW from it; 

= The focal diſtance from the lens of the leaſt refrangible rays, 
enter Mill be to the focal diſtance of the moſt refrangible rays ; 

As, the difference between the fines of incidence and refraction of the 
e ſaid nt refrangible rays, | 

| To the difference between the ſaid fines of the leaſt refrangible rays. 
| Let the focal diſtance after refraction, of the parallel rays that are the 
© leaſt refrangible, be called F; and of thoſe that are moſt refrangible, be 
called 7; and let L, M, I ſignify the ſame as in the two preceding pro- 
politions. 


I ay F: / :: MI: -I, very nearly. 


Cas 1. Let P and þ be the foci after refraction, of the leaſt and Fig. 112. 
© moſt refrangible rays, whoſe incidences were on the plane ſide of a plano- 
| convex lens; then it will be accurately, | 


MI: L- I:: AP: Ap. 2. E. D. 


Cas 2. When the incidences of the parallel rays are upon the con- 

vex fide of a plano-convex lens. Let F and F be the foci after refrac- 

tion, of the leaſt and moſt refrangible rays reſpectively; and let s, be 

one of the focal centers of the lens; then will F = AP, andsf—* 218. x 
Ap. Wherefore, as above, 

: MI: L—T :: F: sf. 2. E. D. 

| CasE 3. When both ſides of the lens are ſpherical. Retaining the ſame |. 
references as above; let moreover the radius of the flatteſt fide (A) be 3 
1 * 114. 
called R; and the radius of the other fide (a) call r; alſo let the thick- 


q neſs Aa of the lens be called ?; and let s be that focal center of the lens 
| which belongs to the refracted rays. | 


291. J. 


| LIR-» 

f Now 121 —[IRz IRe . F PE | 

Ikaz=trc Lect LR+Lr 5 © 220, J. 
MIR 
MT IRT IR- 


MN MY MTT MR N. 
If 7 be conſidered as infinitely ſmall, the quantities multiplied by it 
| will be fo alſo, and therefore may be neglected ; then multiplying the 
| ; antecedents 


80 


© 209. J. 
#175, & 
1 
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antecedents by R, and by L and M, and dividing by IR, we ſhall 
have (N on. ) MI: L—I:: F: . 2. E. D. 


Booz l. 


LI MI 
299. Corol. In every lens, whoſe thickneſs is very ſmall, it will be 
XII. II JF. 
longitudinal aberration F F J nearly. 


00. Schol. 1. A plano-convex lens with its convex fide expoſed to 
parallel heterogeneal rays ; the thicker is the lens, the leſs will be the 
aberration /F: but the difference on account of the thickneſs is very 
inconſiderable. Let s be the focal center of the lens for the leaſt refran- 
gible rays, and ? the focal center for the moſt refrangible rays. Now 
as the thickneſs of the lens increaſes, the points 5s, F ſeparate; vt being 


nearly. And therefore in a glaſs lens, the 


always leſs than vs ; for it will be 2 1: : 0; boa But 5F, FF are 


invariable quantities; and therefore as the point F recedes from 5, the 
focus F approaches nearer to F; that is, F will be ſo much diminiſhed, 
as gt is increaſed. | 2 

The variation of F on account of the different thickneſſes of lens“ 
having both their ſides ſpherical, is alſo very inconſiderable. 


301. Scbol. 2. In computing the aberration above mentioned, the in- 
cident rays were ſuppoſed to be the neareſt of all to the axis; and in 
that caſe, all lens's whatſoever whoſe thickneſſes are very ſmall, are 
equally good. But when the incident rays are remote from the axis, 
there will be an aberration by the figure ; and that aberration will in- 


creaſe the aberration of heterogeneal rays. Therefore that lens is bet 
which has leaſt aberration of homogeneal rays. 


Zo. Scbol. 3. What has been above demonſtrated of convex lenſes, 
is alſo true of concave ones. 


2 PROP 


— 
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Nr. 


3093. In the ſame lens, the longitudinal aberration F f of parallel hete- Fig. 110, 
rogeneal rays 1s invariable : And the lateral aberration FG increaſes or to 114. 


decreaſes in the ſumple ratio of the aperture of the lens; and is to the ſemi- 
aperture of the lens, as Ff to fv. 


Leet fall the perpendicular B v. | 
1. F/ is invariable, becauſe it has always the * ſame ratio to the in- * 291,294, 


SECT. V. 


variable quantities AF or A. & 298. I. 
2, The right-angled As foB, fFG are ſimilar, and therefore, 
. - Tnerefore; Fe, © EV. 
304. Corol. 1. In any glaſs lens whoſe thicknels is very ſmall, FG = 
vB, nearly. 
For M—L:L—I:*fFF:(fs ot) fo::FG:vB: 1: 27. ® 299. I. 


305. Corol. 2. In the ſame lens, the angle of aberration of parallel 
heterogeneal rays, is as the aperture of the lens nearly. For that angle 
is as FG nearly; and FG is to vB in the conſtant ratio of F/ to fo. 


PROP. XLV. 
306. In different lenſes that are alike figured, their greateſt angles of 


| aberrations <vill be equal, if their linear apertures be as their focal lengths, 
| and the focus of incident rays be alſo at like diſtances from the lenſes. 


1. Let DB, 46 be ſlender pencils of heterogeneal rays parallel to Fig. 116, 


the axes AF, af of the lenſes A, a; and let AB, 46 be the ſemi- 117. 
| apcitures of the ſaid lenſes. 
E figures of the lenſes, let F, F and K, „ be the focus's of the leaſt and 
© moſt refrangible rays reſpectively. 
af :: AK: ak; the A FAB, fab, and KAB, tab will be * fimi- . 6. VI. Zac. 
lar; and therefore the FB K, 


And neglecting the aberrations from the 
Now if it be, AB :ab:: AF: 


7% will be equal. Q, E. D. 


2. Let v, t, and s, v be the proper focus's of the leaſt and moſt re- 


| frangible rays reſpectively. Now if the lenſes are alike figured, the 

| aberrations F, ff, and Ks, & will be in the“ ſame given ratio to» gg 136 
| their thickneſſes. And when the apertures of the lenſes are as their & 264. J. 
focal lengths, their thickneſſes are alſo in the ſame proportion; there- 

fore AB: 426 :: Fr: At: KS: Ex; and conſequently the A* ArB, 

atb, and AsB, avb being ſimilar, the VBS, 7bv are equal. 

LE. D. 


307. Schol. 1. If rays of all ſorts are ſuppoſed to flow along the 


lines FB, fb or B, 76; the leaſt refrangible rays will emerge along 
: the lines BD, 4d parallel to the axis; and the moſt refrangible rays 


M will 


82 


Fig. 114, 


110. 


to 114. 


A FS: 8 Book I, 


will emerge along the lines BE, be, ſo as to make the angles of ah. 
errations DBE, dbe, equal to the angles FBK, %, or rBS, 7bs, 
reſpectively ; and conſequently the ſaid angles DEE, 4 be, will be equal 
one to the other. 


308. Schol. 2. In different lenſes having the ſame apertures, if theſe 
apertures are but moderate, ſo that the aberrations from the figures of 
the lenſes may be neglected ; the greateſt angles of aberrations of he- 
terogeneal rays by theſe different lenſes, will be nearly in the inverſe 
ratio of their focal lengths, 

For AB: radius :: A: co-tang. Af B:: AK: co-t. CA K B. 
And in the different figures, the co-tangents of the “ AFB will be 
as AF in each; and theſe are to each other, as Af, AK. But the tan- 


gents of ſmall angles are nearly as thoſe angles; and therefore 
FBF: FBK :: AK: Af nearly. 2, E. D. 
309. Scbol. 3. In different lenſes having moderate apertures; the 
angles of aberration FB G are nearly, as the ſemi-apertures A B directly, 
and focal lengths AF inverſely. For theſe angles may be conſidered 


as being as their chords directly, and as FB inverſely ; and theſe chords 
may be reckoned as FG, and FB as FA. But in the ſame lens, FG 


is always as AB. Therefore, Cc. W E. D. 


310. Cærol. The angles of aberrations by all lenſes that are alike 
fizured, and having the focus's of the incident and emergent rays alike 
ſituated ; will be the ſame, if the apertures of the lenſes be as their 
focal lengths. 

PROF. VI. 


311, The diameter of the leaſt circle, through which all the hetero- 
geneal rays will paſs, is a line g h, drawn between the points of interſection 


F the moſt and lea refrangible rays, proceeding from the oppoſite ſides 


cf the lens: And gh: FG :: Bh: BF. 


The firſt part of the propoſition is evident by bare inſpection of the 
figures: and it is alſo manifeſt, that g is parallel to GH; whence it 


4 VI. Euc, follows, gb: FG :: BY: BF. 2, E. D. 


292, & 
299. I. 


412. Cord. 1.890: FU :: 2LELL CSF 3 of: LED, nearly. 
Alſogh: Bu:: F: LIL, nearly, Hence, when the verſed ſine 


Aw is very ſmall, in compariſon of the focal diſtance from a ſpherical 
refracting ſurface or lens, it will be nearly; | 


313. Ce, 2. gl: Bo :: (F: T:: MI 


2 2 


And therefore if the refracting ſurface or lens, is glaſs; it will be, 
g: B:: I: 55 (:: 78 — 77: 78 +77 — 100). 
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Szer. V. res. 


314. Schol. The diameter of the leaſt circle that can receive all the 
rays of any two colours, is after the ſame manner determinable from 
the proportion of their fines. Thus all the orange and yellow will be 
contained in a circle whoſe diameter is about the +++ part of the aper- 
ture of a glaſs lens, when that aperture is but ſmall in proportion to 
the focal length ; the fines of the outermoſt orange and yellow, being 
to the common line of incidence as © 775 and 775 to 50; and putting 289, J. 
L, M and I for theſe fines, it will be, 


M—L : M+L—2l :: 1856—1851 : 3707-2400 :: 1: 261. 
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315. Tye rays contained in the circle of aberration whoſe diameter is 
oh, are not uniformly ſpread over that circle; but are denſer at the 
center than in any other part, and from thence towards the circumference 
they grow continually rarer. And the denſity of the light in any point 
of this circle, is direftly as the diſtance of that point from the circumfe- 
rence, and reciprocally as its diſtance from the center, nearly. 


For, ſuppoſing the heterogeneal rays that are refracted at the points Fig. 1 to, 

B, b in the periphery of the lens, to be ſpread uniformly over the to 114. 
phyſical line g; the rays tranſmitted through every other point in 
that periphery, will be alſo ſpread uniformly over lines all equal to g 6, 
and interſe&ting one another at the center c; ſo that the whole light Fig. 115. 
tranſmitted as above, will be ſpread over a circle whoſe diameter is gh. 
And upon the above ſuppoſition, the denſity of the light in any point 
of this circle, will be reciprocally as the diſtance from the center; that 
is, the denlity in any point @, will be to the denſity in any point &, as 
cb to cg. 

If the lens or medium be ſuppoſed to be divided into an indefinite 
number of ſmall concentric rings, all equal in breadth ; the quantity 
ot light tranſmitted through euch ring, will be as the rings themſelves, 
that is, as their diameters ; and this light will be ſpread over circles of 
aberrations, whoſe diameters * are alſo as thoſe of the reſpective rings. 303. I. 
Now in each circle of aberraticn confidered apart from the reſt, the 
denſity of the light will be reciprocally as the diſtances from the cen- 
ter; and the whole quantity of light in each circle being as its diame— 
ter; the denſities in each circle at equal diſtances from the common 
center are equal. For, in the circle bg c; 

denſity in @ : denſiy in h:: : ca; and in the circle bd, 
denfav in &: denſity in a:: cα: b. Wherefore, 
denſly in &: denjityin h::ch: cb. Inſtead of the denſities in 6 


and þ, let us ſubſcitute their ratio's, and it will be in the circle 37. 


M 2 derfity 
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denſity inga:* a :: © % Whence it is manifeſt that the denſity at 4 


in each circle is the ſame, And therefore the whole denſity in any point 
of the circle of aberration, is directly as the diſtance of that point from 


the periphery, and reciprocally as its diſtance from the center, nearly ; 


that is, the denſity of the light in any point @ or b, is as — or I nearly, 


a ch 
9. E. D. 


316. Corel. 1. Let the ſemi-diameter ch be biſected in n; and the 
denfity of the light in any point &: will be to its denſity in :: : bc, 
For by the preceding, 


denfity in 6 : denſity in :: ＋ a (=) I:hb:c6. 
317. Corel. 2. Hence the light at the center is infinitely denſe, and 
at the circumference infinitely rare, in compariſon of the light at the 


point 7, 


319, Scbel. 1. The quantity of light in the greateſt circle bg c is 
to the quantity of light in any leſſer circle bd c :: H: hi? —bÞ, 

Let the ring 56 dg be divided into any number of indefinitely ſmall 
concentric rings, all equal in breadth ; and let the radii of theſe rings 
be co, cp, £9, cr, &c. Now the denſity of the light in each ring“ 
will be as =, 2, 27 = &c. and the rings are as co, cp, 9, cr, &c. 
Wherefore multiplying each ring by its reſpective denſity, we ſhall have 
the quantity of light in each, as ho, hp, bg, hr, &c. and the ſum of 
all theſe is R E. If the whole circle be divided in 
like manner into theſe ſmall rings, till we come to the center ; the 
ſum of the light in them all, will be as hex T . And there- 


fore, the quantity of light in the circle þg c : is to the quantity in the 
circle 5 de:: TS: 1564 —$bÞÞ :: 4: 66 —5 “. 2, E. D. 


319. Schl. 2. Sir Tſaac Newton * obſerves, that the yellow and orange 
being the moſt luminous of the priſmatic colours, affect the ſenſe more 
ſtrongly than all the reſt together; and next to theſe in ſtrength are 
the rcd and green. The blue compared to theſe is a faint and weak 
colour; and the indico and violet are ſtill darker and fainter ; ſo that 
theſe, compared to the ſtronger colours, are little to be regarded. 
Whence, and from the greater denſity of the rays of light near the 
center of a circle of aberrations, Sir 1/aac infers, that the ſenſible image 
of a lucid point in the focus of a glaſs lens having but a ſmall aper- 
ture, is not much broader than of the diameter of that aperture. 


320. Schol. 3. The images of objects are therefore to be placed or 
reckoned, not in the focus of the mean refrangible rays, which are in 


the 


2 


* Nezvton's Optics, p. 85, 86. 
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the confine of green and blue; but in the focus of thoſe rays which are 
in the middle of the orange and yellow. The ſines of incidence and 
refraction of theſe rays between glaſs and air, are as 17 and 11: And 
from theſe proportions therefore, the focal lengths of glaſſes for optical 
uſes, are to be computed f. 0 


PR OP. XLVIII. 
be. | 321. In any lens retaining the ſame aperture, and negiecting the 


aberration from its figure : 

The longitudinal aberration of heterogeneal rays, diverging from, or 
converging to, a given focus in the axis of the lens, 
: Is to the longitudinal aberration of parallel heterogeneal rays by the 
the Wt ſaid lens ; 
; As the diſtance between the focus of incidence, and the focus of the 
moſt or leaſt refrangible rays after refraction by the lens, 

1s to the diſtance between the focus of incidence, and the principal focus 
of the leaſt or moſt refrangible rays. 

Let V be the focus of the incident heterogeneal rays ; Q, ꝗ the focus's Fig. 118, 
of the leaſt and moſt refrangible rays, after refraction by the lens O; and to 123. 
F, F the principal focus's of theſe rays reſpectively. 


I ay Q: Ff: Yo:YF :: YQ: V/. 

For YF: YO ::*YO: YQ; and V/: YO ::*YO : Yq; wherefore 227. J. 
YF: Yf :: Yq : YQ; and therefore, 
Qz (YQ oY9): th : Ff VP) 17 2. E. D. 


322. Corol. 1. VF: IV:: Fg: FQ: Yo: YQ.. 

323. Corol. 2, OQ: Oꝗ:: VX OF: VFX OV. 
For, YO: OQ:: VF: OF; © 225. I. 
And Og : YO:: *Of: Yf. Therefore, Sc. 2, E. D. 

324. Corel, 3. Qg: EF = LEES; * 


Let the point which biſects F/ be called a, and that which biſects 
Qq be called 5; and then it will be, Qg : FF:: Yb: Ya. And becauſe 


EV is an invariable quantity, Qę increaſes or diminiſhes as W. 
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325. Corol. 4. If the lens is glaſs, it will be, 
Qg 2 :: *Yq : YF: : YQ: I/ 9299. L. 
Alſo, 27YF : 28Yf :: O9: OQ. 
PROP. 


+ Newton's Optics, p. 86. 
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Fig. 118, 
119. 


Fig. 118, 
119. 


tures as their focal lengths, and forming equal images Qy behind them 
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PROP. XLIX. 


326. In any lens retaining the ſame aperture, and neglecting the 
aberration from its figure : | 
The lateral aberration of heterogeneal rays, diverging from, or con- 
verging to, a given focus in the axis of that lens, 
1s to the lateral aberration of parallel heterogeneal rays by the ſaid lens , 
As the rectangle under the longitudinal aberration of the rays belonging 
to that focus, and the diſtance from the lens of the principal focus of the 
moſt refrangible rays, 8 
To the rectangle under the longitudinal aberration of parallel heteroge- 
neal rays, and the diſtance from the lens of the focus of the moſt refran- 
gible rays. 
Let OB be the ſemi-aperture of the lens O, Qs the lateral ab- 
erration for that aperture of heterogeneal rays, whoſe focus of inci- 
dence is V; and FG the lateral aberration of parallel heterogeneal rays 
for the ſame aperture ; 
I fay, QS: FG :: Qqx Of: Ffx Og. 
For the right-angled triangles FG, FOB; and 9038, 4g OB being 
fimilar ; it will be, 
Ff: Of: FG: OB; and 0: Q:: OB: QS. Wherefore 
QS: FG :: Q Xx O: FF XO. &. E. D. 
The ſame will be alſo true in the four ſucceeding caſes or figures, 
if the reſpective lines BF, B/G, FG, BygsS, Qs be drawn, changing 
the places of Q, q in fig. 120, 122. 


327. Schol. 1. In any lens and with any aperture; QS — OB x 2 


328. Schcl. 2. In different lenſes, ſimilarly formed, having their aper- 


of a given object YP; the lateral aberration Qs will be as the focal 
lengths of the lenſes. For in that caſe the angles of aberrations Q BS 
in each are equal, and in each OQ is as OB or OF. 


329. Corol. Hence, if a given object is to have its image upon a 
ſcreen magnified in a given ratio; the deeper is the lens, the more 
diſtinct will be the image. For in this caſe, the diſtinctneſs of the 
image is chiefly affected by the aberration QS. And if the diſtance 
OQ of the ſcreen is fixed; the diſtinctneſs of the image will not be 
ſenſibly different by uſing lenſes of different focal lengths, if it be but 
ſufficiently bright ; provided always that the figures of the lenſes be 
fimilar, and their apertures as their focal lengths. 


PROP. 


gecr. V. re "wy 


PROP. L. 
230. The circle of aberrations cauſed by the ſphericalneſs of the figure 
of an optic lens having a moderate aperture, compared. with the circle of 
aberrations cauſed by the unequal refrangibility of the rays of light, is 
very inconſiderable. 


For a compariſon betwixt theſe two ſorts of aberrations, let us take Fig. 99. 
a plano-convex glaſs with its plane fide expoſed to parallel rays; this 


g lens being the worſt for homogeneal rays of any in the table, Art. 253. 

e Let F be the principal focus of the lens, Fy the lateral aberration of 
homogeneal rays, for the ſemi- aperture BV; and FG the lateral aber- 

2 ration of heterogeneal rays for the ſame aperture. And putting m, 7: 

A for the greater and leſſer of the fines of incidence and refraction, it will be, 

5 y3 mm 2 

R Fp: FG :: * —: Bu. 

* For in any plano-convex lens having a ſmall aperture with its plane 

ys fide to the parallel incident rays, it will be OF =* vA x — nearly. x36. J. | 
And vA =" Mer nearly. Alſo Fp : OF :: *Bv:vO=AF nearly, 13 ul f 

4 RY n E B 4. Yi. af. 

* But AF=*— RA. Therefore Fp = (x * = . 
1 2 And FG / BU. Therefore, &c. | 313. I. 

es, The diameter of the leaſt circle that will contain all the heteroge- 

vg neal rays is = * FG nearly; and the diameter of that leaſt circle which 311. J. 
will contain all the homogeneal rays is =*+Fp. If we compare theſes 268, I. 

lefler circles of aberrations together, their reſpective diameters will be, 

5 as B, to CI X . And by theſe numbers, the diameters of 

= the reſpective circles of aberrations for any given aperture of a plano- 

* convex glaſs, may be eaſily found. 

85 If we take : FG in the table, Art. 253. for the diameter of the leaſt 

* circle of aberrations of homogeneal rays; this will be for the ſeveral 
apertures there ſpecified, beginning with the largeſt and ſo downwards, 

Ma the iT» 335 , 3x Of the diameters of the leaſt circles of the aberra- 

_— tions of heterogeneal rays, for theſe reſpective apertures, nearly. But 

| : In many caſes, the ſmalleſt even of theſe apertures is much too large ; 

15 and the aberration from the figure decreaſing as b the cubes of the aper- 264. I. 

0 tures, and that from the heterogenity of the rays only in the * ſimple ratio 303. I. 

4 | of the apertures ; the fractions expreſſing the ratio's of theſe reſpective 


aberrations, will become much ſmaller as the apertures are leſſened, 


1 
2 


Fig. 99. 
256. I. 
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If the diameter of the leaſt circle of aberration of heterogeneal rays, 4 
that may affect the ſenſe, be admitted to be ſo ſmall as the 23 part of 
the aperture of a lens; Sir Jaac Newton ® compures that in a 100 foot 
teleſcope with a proper aperture, this aberration would be at leaſt 1200 
times the aberration caufed by the ſphericalneſs of the figure of the 
objeQ-glaſs. 

+ It is farther obſervable, that the rules deduced from experience, for 
limiting the apertures and charges of teleſcopes, agree exactly with the 
theory of the different refrangibility of the rays of light, without at all 
regarding the figures of the object-glaſſes. Therefore, c. & E. D. 


331. Schel. 1. The leaſt circle of aberration from the imperfect figure 
of a plano-convex glaſs, with its convex fide expoſed to parallel rays, 
is equal to the leaſt circle of aberration of heterogeneal rays, if the figure 
of the lens was perfect, when the aperture of the lens is half its focal 
length, nearly. That is, *Fp= FG nearly, when vB=+ AF. 


For OF =*ZvA= 3% nearly; and Fe ns SLES 


* AF vo * 
But vO= AF nearly; and therefore +Fp =; *I. 


Now FG =—vB, and when vB AF, FPS HX B 
Zarb. Therefore, Sc. Q E. D. 


332. Scbol. 2, The aberrations of coloured rays, being fo very con- 
ſiderable in proportion to the aberrations ariſing from the ſpherical 
figures of lenſes ; there is no ſenſible advantage to be expected from 
lenſes of other figures; nor yet from a medium of different refractive 
power from glaſs, unleſs that medium ſhould be more homogeneal than 
glaſs. For different refrangibility being a property of light itſelf, the 
aberrations proceeding. from thence mutt alike take place, whatever be 
the medium it is refracted by; unleſs a medium ſhould be found that 
would tranſmit only the brighteſt of the priſmatic colours. And all the 
conſequence of having a medium of greater or leſs refractive power than 
glaſs, would be; that for the ſame focal lengths, lenſes made of ſuch 
a medium would be more or leſs. flat, than thoſe we have at preſent ||. 


* Newton's Optics, P. 84, 89. + Ibid. p. 89. | Note, In the annexed 
977 0 the aberrations Fy, Ag, are each four times too large in proportion to the focal diſtances 
» 07 
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0.0 kK. 1: 
VISION. 


AVING now gone through the general * theory of reflection 
and refraction, of light, we are in the next place to enquire 

into the theory of viſion. This enquiry in itſelf is not only 
curious and entertaining, but without it there is no accounting 
for ſeveral optical phenomena ; and it is alſo very neceſſary that it ſhould 
precede the particular theories. of optical inſtruments, if we would 
rightly underſtand their effects in extending, as they do, ſo prodigiouſly, 


the natural boundaries of viſion. I have therefore beſtowed a diſtinct 


book upon this head, the two firſt ſections whereof are upon viſion 
in general; in which I have endeavoured to digeſt and ſet in the beſt 
light I could, what I have been able to gather upon the ſubject ; the 
two remaining ſections are for explaining the phænomena of viſion b 
the reflection of poliſhed ſpeculums, and refraction of a ſingle lens. 


> SO TION L 
¶ the eye, and manner of viſion. 
| & 1. A brief deſcription of the eye. 


1. 7 NE eye conſiſts of ſeveral coats, or teguments, which form a hall 
perfectly globular, excepting on the fore part, which is a little 
more protuberant the reſt, Within this ball are included three 
| difterent 


This theory has no neceſſary connection with thence as juſtly, as if he had ſeen the coloured 
viſion, and may be perfectly underſtood by a blind ſpectrum formed by a priſm. But there is no 


man: And although a perſon who does not re- underſtanding the theory of viſion, * without a 


member to have ſeen objects, cannot have the competent ſkill in that of light; otherwiſe it 
ſame ideas about colours that others have ; yet would have been perhaps more natural, to have 
he may perfectly comprehend the theory of the made the 28 of the eye, Sc. the en- 
different refrangibility of light, and argue from trance into the ſcience of optics, | : 


- 


* 
-- 


Sclerotica and 
cornea. 


Choroeides 
and Tunica 


| Ruy ſchiana. 


Ureaand iris. 
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different ſorts of liquids, or ſoft tranſpar 
The figure repreſents a ſection of the eye through the middle, by an 
horizontal plane, or a plane paſſing through both eyes; and for the 
ſake of repreſenting the parts more diſtinctly, the diameter of the figure 
is about twice the diameter of the human eye “. 


2. The outermoſt coat, repreſented by the ſpace contained between 
the two outermoſt circles BFB, is called ſclerotica. Adjoining to the ſcle- 
points B, B is a more globular coat, repreſented by the ſpace 
between the two circles BAB, called cornea. 
together one firm caſe of a proper form, for containing the reſt of the 
The cornea is tranſparent (like horn, whence it 


rotica at the 


coats and humours. 


Boox II. 


ent ſubſtances, called humour; 


Theſe two coats make 


has its name) for the admiſſion of light into the eye. 


3. The next coat under the ſclerotica, repreſented by the two inner- 
moſt circles BFB, is a membrane of leſs firmneſs, called choroezges. 
This membrane is by M. Ruy/ch, and ſince by other anatomiſts, divided 
into two; the outermoſt of which retains its old name, and the inner- 


moſt is called 


+ tunica ruyſcbiana. 


Both theſe coats are often conſider- 


ed as one, under the old name choroeides ; the back part of which in 
the human eye is of a ruſty dark colour, occaſioned by a black mucw 


wherewith it is covered ||. 


4. Adjoining to the choroeides at BB, is ꝓ a flat membrane called 
by moſt authors the wvea, and by ſome the iris; but generally 
by the iris is meant only the fore and circular coloured part of 


® ſt is not to be expected, that the account we 
ate to give, ſhould be altogether perfect. For as 
u is impoſſible to examine the internal ts of 
the eye, whilſt it is in its natural and vivid ſtate, 
ſo is it difficult after the eye is taken out of its 
ſocket, to preſerve the figures of its ſeveral parts 
entire: and this is an excuſe for ſome diſagree- 
men's we find among anatomiſts, However, 
the accounts we have, are ſufficiently accurate for 
our purpoſe. 

+ This coat is deſcribed as leaving the chotoeides 
at B, B, and as paſſing behind the proceſſus ciliares, 
and round the edge and back part of the cryſtalline 
humour. 

|| Anatomiſts obſerve, that in brutes of prey 
the middle part of this membrane is perfectly 
white; and in brutes that feed on graſs, the ſame 
part is of a bright green. The „ene in the 
one is ſuppoſed to enable them to diſcover their 
prey better in the night; and the 22 in the 
other, is alſo ſuppoſed to be a help to them to 
find their food: whilſt men have the advantage 
of the dark colour ſuffocating the rays, to prevent 
an indiſtinctneſs of viſion by their reflection back. 
But theſe Hypotheſes ſor explaining the Uſes of 
the different colours of the choroeides in the eyes 


of different animals, are not fo ſatis actory as at 


the 


firſt ny may ſeem to be. For if viſion is on- 

ing, as I think it is now univerſally acknowledged, WF 1 
to the impulſe of light upon the retina (or to its 
impulſe upon the choroeides, as ſome have ima- 

gined) there does not ſeem to be any neceſlury 
connection betwixt viſion, and the colours of 


Yz ew — 8 PY 


either the choroeides or retina ; unleſs it be ſup- WW t 

ſed, that according to their colours, they are WF 
more ſenſible of the impulſes of the rays of light al 
of theſe colours, than of any cther : But ſuch an th 


hypotheſis ſeems very precarious. Perhaps the 


eyes of ſome animals tranſmit more- of ſome A 
kind of the coloured rays, than of others ; and tt 
that this may be the cauſe of the diverſities of th 
colours above obſerved : And admitting this, it W 
will appear very probable, that theſe diffcrent th 


conſtitutions of the eyes of different animals, are e 
intended for the purpoſe above aſſigned. | 

This membrane was formerly ſuppoſed to be 
22 and of much the ſame curvity with 
the choroeides; but Monſ. Preit, a ſkilful anato- 
miſt at Paris in the Mem. di Þ Acad. Royale, for 
the Year 1728, ſhews that in the human eye, 
the uvea is flat In delineating the eye, I hav: 
followed this gentleman's meaſures, as he ſeem 
to have taken more than ordinary pains in tue 
examination of its ſtructure. 
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the ſaid membrane. This membrane is opaque, and of different co- 
lours in different eyes, as grey, block, hazel, &c. and being ſeated be- 
hind the cornea, its colour is ſeen through it; whence the eye is accor- 
dingly denominated grey or black, &c. The uvea ariſes from a circular 


ridge or protuberance running all along the inſide of the cornea, at its 
juncture with the ſclerotica at BB. 


5. In the uvea, a little nearer the noſe than the middle, is 
hole aa, for the admiſſion of light into the eye, called the pupil. 
|The pupil may be enlarged or contracted for the admitting of more 
or leſs light, as the circumſtances of viſion require: for which purpoſe 
the uvea is furniſhed with ſtrait muſcular fibres, proceeding trom its 
circumference towards the center, and terminated in the orbicular limb 
of the pupil ; which limb is alſo ſuppoſed to be muſcular **, that fo by 
the contraction and dilatation of theſe ſtrait and annular fibres, like the 


cloſing and opening of a purſe, the pupil may be dilated and con- 
tracted, 


6. At the back part of each eye, a little nearer to the noſe than 
the middle, there enters a nerve as V, called the optic nerve 4. 


QI 


+a round Pupil. 


Optic nerve, 


7. The fibres of the optic nerve, after their entrance into the eye Retina. 


at V, ſpread themſelves like a fine web or net over the choroeides or 


Ruyſchiana; and ſo form a very thin membrane, called Tunica Retina, 
repreſented in the figure by the etched circle B FB. The retina is reckoned 
to extend all round as far as BB; and is of a *darkiſh colour, occa- 
ſioned by its immerſion in the black mucus adhering to the tunica 
ruyſchiana. But the optic nerve is white like the brain, from whence 
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+ Anatomiſts obſerve, that in animals which are 
the prey both of birds and beaſts, the pupil is 
round as in man, which fits them to ſee every way 
alike. But in large animals which feed on graſs, 
the pupil is oblong horizontally, which ſuits them 
for ſeeing a large circular ſpace upon the earth. 
And in animals of the cat- kind, which climb trees, 
the pupil is oblong the contrary way, which fits 
them beſt for looking both upwards and down- 
wards : And it is farther remarkable, that cats in 
the dark have their pupils prodigious large, which 
enables them to ſee their prey with a very littlelight. 

|| The latitude of contraction and dilatation 
of the pupil is pretty conſiderable ; and it is very 
admirable, that while the pupil changes its mag 
nude it preſerves its figure. 

lt is ſuppoſed neceſlary that the uvea ſhould 
be furniſhed with theſe two ſorts of fibres. Ana- 
tomiſts are agreed as to the ſtrait ones; and it is 
allowed that there is a muſcular ring round the 


Pupil, into which the ſtrait fibres are inſerted : 


but the exiſtence of this ring is rather inferred 
from the reaſon of the thing, than proved from 
experiments. Albini thinks, that the cryſtalline 
by 2 againſt the uvea, changes its figure and 
widens the pupil. 

4 The ſclerotica and the choroeides enter the 
orbit of the eye along with the optic nerve: the 
origin of the ſclerotica is the dura mater, a thick 
tough membrane lying immediately under the 
Null; and the choroeides is derived from the pia 
mater, which is a fine thin membrane adherin 
cloſely to the brain. Through the middle of the 
optic nerve, there runs a pretty conſpicuous ar- 
tery, which goes ſtrait through the vitreous hu- 
mour, and ſpreads itſelf upon the membrane that 
covers the back · ſide of the cryſtalline. 

* This membrane is ſaid to be quite black in 


3's. 


infants ; not ſo black at the age of twenty; of a 


greyiſh colour about the thirtieth year ; and in 
very old age almoſt white, 
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by any fibre or blood-veſſels : but although no 
ſuch fibres or ſmall veſſel; have been yet diſcover- 
ed, there ſeems to be bat little room to doubt of 
their exiſtence. M. Petit in he Mem. de] Acad. 
Royale for 1739 has given a table of the dimen-, 
ſions, &c. of the cry ſtalline humour in.26 human 
ey es. 


conſiſt of a liquid like the other, contained in 2 
great number of delicate veſicles or cellules, 
which are eaſily broke; for upon touching it 
always appears moiſt and wateriſh. It is not 
doubted, but that both theſe humours are nod: 
riſhed through proper veſſels communicating W 
the adjacent parts, 


Cryſtalline 8. Within the cavity of the eye, a little behind the pupil, is a tranſ- F hu 
— parent ſubſtance EE, for the moſt part of about the conſiſtency of hard ME lar 
jelly, which it nearly reſembles ; but from the middle outwardly, it grows. = thi 
gradually ſofter. This is called the cryſtalline humour; it is contained 
in a thin membraneous and tranſparent capſula +. The figure of the 1 
cryſtalline reſembles that of a double convex lens of unequal con- 
vexities, the flatteſt ſide being that next the pupil. The circular edge bn 
E E is flattiſh, or as it were rounded off, as repreſented in the figure. A 
The cryſtalline till about twenty or thirty years of age is faid to be co- 
lourleſs ; after which time it begins to be ſlightly tinged with yellow, 
which increaſes with age, till about eighty it is as yellow as amber. 3 45 
Proceſſus Ci- 9. The cryſtalline is ſuſpended within the eye by a. muſcle Bb YB T} 
leres. called || Proceſſus Ciliares, and by ſome authors || ligamentum ciliare. In 
This muſcle is a little convex towards, and much weaker than, the bd 
i uvea, and ariſes behind it at BB where the ſclerotica and cornea iſ 5 
| join together; at 46 it enters the capſula, and thence ſpreads over. 1 
a great part of its anterior ſurface. The anterior ſurface of the pro- bor 
4 ceſſus ciliares is beſmeared with a black unctuous matter, as is alſo. Pons 
the back fide of the uvea: this black is, with good reaſon, ſuppoſed 4 
| to be for preventing the reflection hack of any of the rays of light, that * 
may happen to reach ſo far. 3553 1 
1qveous and 10. The cryſtalline humour with. the proceſſus ciliares divide the 
vitreous bu- cavity of the eye into two unequal portions; in the firſt and ſmalleſt 
oa, of which BABJC4, is contained a tranſparent fluid like water, called 1 
' thence the aqueous humour. The hinder and larger part of the conca- * P 
vity of the eye BS DBF is filled with a tranſparent ſubſtance called © miſts 
the vitreous humour This humour is not ſo hard as the cryſtalline, or 8 
fo fluid as the aqueous . Again, the cavity containing the aqueous its or] 
| humour keine 
a & wy ing th 
+ That part of the capſula which inveſts the. Both theſe names are uſed for the ſame thing it's 0 
hinder ſarf:ce of the cryſt dline humour, adheres by different authors, even of good repute. Mr. the or 
to the membrane incloſing the vitreous humour, Sharp, in his treatiſe of ſurgery, p. 169, chuſes * 
yet ſo as to be ſeparated from it without cutting; the firſt, and calls the circular ridge where all the other 
wat ail along the limb or edge E E of the cryſtzl- coats unite at BB (which he deſcribes as whitiſh, e 
line, thele two membranes adhere ſo cloſely to- and denſer than any of: the coats, Ligamentum os & 
gether, as not to be parted without the knife, C3:zare. IEF; the fy 
The cryſtalline has no viſible. communication The vitreous and aqueous humours, are each proper 
with its capſula, and conſequently with no part contained in ſo very thin, and tranſparent films oF 
of the body; for as ſoon as the capſyla is opened, or bags, as ſcarce to bg perceivable till they are ſeated 
the humour within ſlips clean out: whence it is broke, and the liquid let out. The aqueous niſn at 
imagined by ſome that the cryſtalline has only a humour is more ſpirituous and viſcous than com- ſurface 
vegetable kind of life; it having, as above obſerv- mon water: nd the vitreous appears ſomewhat nea we 
ed, no viſible continuity with the adjacent parts like to ſoft jelly; but is ſuppoſed nevertheleſs to may b 
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humour, is divided by the uvea into two unequal portions; the firſt and 
largeſt of which next the cornea is called the anterior chamber; and 


the other next the cryſtalline, is called the poſterior chamber. 
11. It is agreed, that the ſeveral .coats, and the ſurfaces of the diffe- Axis of the 


tent humours of the eye, are fo ſituated as to have one ſtrait line per- e. 


pendicular to them all. This imaginary line ACDF is called the axis 


4 of the eye. And the axes of both eyes produced, are. called the optic 
Ades. 5 : 1 TE 

| 12. Having now deſcribed thoſe parts of the eye, that are more im- 
* mediately concerned in viſion 4 I ſhall next ſubjoin a. table of their 

E dimenſions, . at. a medium, from ſeveral obſervations of Monſ. Petit. 
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of the French meaſures (which I. do not find given to leſs than + of a 


| line), to the Engliſſb. 


* 


I For the ſake of having a deſcription of the 
eye all together, I ſhall borrow from the anato- 
© milts a brief account of ſome of the other parts. 


The ſclerotica is embraced on its out- ſide with 
ix muſcles, which ſerve to roll the eye in 


its orbit all the different ways, for the ſake of 


leeing objects not directly before us without mov- 
ing the head; and to facilitate theſe motions, 
it is obſerved that all the vacant places, between 
the orbit and the ſclerotica, are filled with a lcofe 
fat, Four of theſe muſcles are ſtrait, and the 
other two oblique ; of the ſtrait muſcles two of 
them ar: ſituated vertically oppoſite to one ano- 
ther; and the other two horizontally. Each of 
the ſix, according to its ſituation or office, has a 
proper name. | 


In the upper and outer part of the orbit, is 


; ſeated the lachrymal gland, whoſe uſe is to fur- 


niſh at all times water enough to keep the outer 
ſurface of the eye moiſt, without which the cor- 
nea would be leſs pellucid. And that this liquor 
may be rightly diſpoſed of, we frequently cloſe 


; 13. 


the eye · lids, even when we are not conſcious of 


it. At the inner corner of the eye between the 
eye: lids ſtands -a caruncle, whoſe office ſeems to 
be to keep that corner of the eye from being to- 
tally cloſed, that any tears or gummy matter 
may flow from under the eye-lids when we ſteep, 
or in o the puncta lachrymalia, which are little 
holes one in each eye-lid near this corner, for 
carryir.g into the ductas ad nafum any ſuperfluous 
tears. | 
Boch the eve-lids are lined with a membrane, 
which alio folds ſo much of the eye as is called 


the white. This membrane is named conjunctia a, 


alſo aduata; and beſides other uſes it may have, 
one very conſiderable is, to hinder any duſt or 
extraneous particles from getting behind the eye 
into the orbit, | | 

To give a more minute account of theſe, and 
ſome other parts of the eye, which have yet beeu 
— mentioned, is the proper province of anato- 
maſts, | 


Opric axes. 
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13. A table of the * dimenſions of ſome of the parts of the human 
eye, at a medium from ſeveral eyes. [ 
| Tenths, t 
The axis AF of the eye from out to out, is about — 9.5 0 
The radius of the outer ſurface of the corne eee : 
The radius of the ſclerot ica — . — — 461 h 
And the diſtance of its center from the cornea — 4.89 a 
Thickneſs of the ſclerotica — — | 0.25 [ 
Whence the diameter of the eye from the outer ſurface of N 
cornea to the choroeides 3 — 9-25 p 
Diſtance between the outer ſurface, of the cornea and cryſtalline 71.06 as 
Radius of the anterior ſurface ECE of the cryſtalline — 3-31 ct 
Thickneſs or axis CD of the cryſtalline = — 1.85 g 
Radius of the hindermoſt ſurface EDE of the cryſtalline — 2. 50 0j 
Breadth or chord EE of the cryſtalline — — 3-7} fr 
Let v be the center of the cornea, s the focal center of the cryſtal. th 
line; then we ſhall have C5=="1.05, Ds=*0.8 ; and conſequently 
AsS=—=2.11, and 5r = 1.24. 4 
14. The diameter aa of the pupil, varies according to the degree of 
light the eye is expoſed to; Þ it being bigger or leſs, as the light is MW , 
fainter or brighter, that fo in all caſes the quantity of light entering te = 
eye, may be the better ſuited for the purpoſe of viſion. The pupil s 
alſo contracts a little in the ſame degree of light, when we look near ata 4 
ſmall object; but the limit of its aperture, in the eyes of adult perſons, WF 
is, I think, from about + to FF or of an inch. W g 
15. Of the refractions of the different humours : It is very difficult, W © 
I think, to determine accurately the meaſures of theſe refractions; but * 
rom ſuch l experiments as could be made, it has been found, thatthe e. 
refractive f 
* I ſound it neceſſary to qualify ſome of theſe ed by two glaſs planes cemented together ina rad 
numbers a little, that the parts of the eye might given angle; and this ſeems to be the beſt ne. AF 
the more uniformly join ; ſome incoherence in tnod of making it: or it might be made by pref 
the meaſures unavoidably ariſing from ſome diſ- firg the humour into the ſhape of a lens, between ] 
tortion at the time they were taken: however, two glaſſes properly figured. But the difficulty tion 
upon the whole, their agreement is greater than lies, to know what changes theſe humours may 
could be expected. undergo after the animal is dead, and alſo afte! 7 
| + Of this any one may be ſatisfied, by looking they are bruiſed, and taken out of their prope! it U 
in a glaſs whilſt a lighted candle is moved trani- vehicles; and whether the humours of different 
verſely before him. At the approach of the can- animals refract alike. If an eye be placed in: 
dle the pupil will contract, and enlarge as the ſmall hole in the window-ſhutter of a darkne 
candle is moved fideways. If inſtead of the look- chamber, and the bottom of the ſclerotica be 


ing glaſs be uſed a ſmall concave ſpeculum, the 
change in the pupil will be more ſenſible, as the 
eye will be then magnified. The experiment 
may be alſo made, at the candle, by turn- 
ing to and from a window. 

| This experiment was made, by preſſing the 
humours of an ox's eye into a hollow priſm, form- 


pared till it becomes tranſparent, the pictures a 
objects that are on the outſide will be ſeen on tit 
bottom of the eye: and if while the eye is in th 
poſition, the cryſtalline be couched or depreſſ, 
and a paper be held behind, the focus of the t 
humours that remain may be found: and there 
knowing the figure of the cornea, the refrad"* 


power 


zerſons, 


ifficult, 
IS 3 but 
that the 
fractive 


rether in a 
e belt me. 
de by pref 
as, between 
e difficulty 
mours may 
d alſo aſtet 
heir propet 
of different 

laced in 
F. darkned 


SEer. J. 
refractive powers of the aqueous and vitreous humours, are each of 


© traction by 
E AF="13.4; CG==139.72; and DH 32.5. 


g trons by the three reſracting ſurfaces of the eye. 


| couched fi 
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them much the ſame with that of common water; and that of the 
cryſtalline is a little * greater : That is, the proportion between the 
ſines of incidence and refraction out of air into the cornea or + aqueous 
humour, is as 4 to 33; out of the aqueous humour into the cryſtalline, 
as 13 to 123 and out of the cryſtalline humour into the vitreous, as 
12 to 13. 


16. The cornea and the aqueous and vitreous humours being ſup- 
poſed to have the ſame refractive power; all three may be looked upon 
as one denſe medium, whoſe refractive ſurface is the cornea; and the 
cryſtalline humour may be conſidered as a convex lens, placed in a 
given poſition within the faid medium; whence the humours of the 
eye all together make a kind of a compound lens, whoſe effect in re- 
fracting rays, having a given focus of incidence, may be found as by 


the following 


FeOF0+-F10N-: 


Having the focus of incidence of rays upon the cornea of the eye, and 
the refractive powers, radi, and pfitians of the cornea and of each ſur- 


: face of the cryſtalline humour ; to find the focus of the rays, after their 


laſt refraction, by the poſterior ſurface of the cryſtalline. 

Let the refractive ſurfaces of the eye be as above ſuppoſed in Art. Fig. 2, 3. 
13, and 15; and let G F be the axis of the eye; F the principal focus 
of the cornea ; G the focus of rays parallel to the axis within the cry- 
ſtalline, after refraction by the ſurface Cat their entrance into the aque- 
ous humour ; and H the focus of rays coming parallel to the axis out 
of the vitreous, upon the ſurface D of the cryſtalline humour, after re- 
that ſurface, Then we ſhall have 


2126. J. 


» 
17. CASE 1. To find the focus of parallel rays, after all their refrac- 127. J. 


1. Having found the focus F of parallel rays refracted by the cornea, Fig. 2. 


it will be, 


2. 


Towers of the aqueous and vitreous humours diſtinct viſion ; which is a proof that the cry- 
Aaken together will be known; and ſuppoſing the ftalline refracts light more than the adjacent 


= Tefractve 


7 that of the cryſtalline may now be eaſily found. 


powers of theſe two to be the fame, humours. 


the cr1 + It is ſuppoſed that the refractions of the 
It is obſerved, that thoſe who have been cornea and aqueous humour, are much the ſame : 


or a cataract (which is a depreſſion of But if it was otherwiſe, no ſenſible difference 


| the cryſtalline humour to the bottom of the eye) could thence ariſe, becauſe the cornea is nearly 
de obliged to uſe convex glaſſes for obtaining of the ſame thickneſs, 


2 
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* 144. I. 


0 
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* $7, N 


| 29.03: 2.14. | * 8 of HY 
3. To find the focus V, after the laſt refraction by the ſurface. 


© 18, IL 
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2. FG: FCH FC—3.31: Fb; (ſee fig. 47. Book I.) that is, 
$2.06 (=39.72+13.4—1.06.0r CG-+AF—AC):1 2.34(1 314+ 1.06) 


0 * 1 n 
F ead3. 


ſay H: HD - 2.5 :: DS: DY. See Ig. 45. Book I. 
Now D6 (AF—AD—FZ==13.4—2.91—2.14) = 9.3035 
and Hb (=HD+Ds6==32.5 + 8.35) 40.85. 3 
Wherefore 40.8 5: 30:: 8.3 5: C. 13 DT; whence AY (=AD—+DY 
18. Casr 2. Having the focus of rays diverging or converging upn 


the cornea, to find their focus after the laſt refrgetion by the poſterin 


ſurface of the cryſtalline. 


Let Qhbe the focus of incident rays, and F the focus of rays coming | 


parallel to the axis out of the aqueous humour upon the cornea ; lay, 


1. : QA: QA+3.35 : Q. Let QA he 8 inches or 80 tenths, 


then 69.95 (80 - 10.05) : 80 :: 83.35 : Q 95.325. See fig. 43 


Book I. 


Now Ca (95.32 5—50—1.06) 14.265, and 2G (=14.265+ 
39.72) =="53-985. —_ 7 
2. Say 28: 40: 40 — 3.3 1: ab. (ee fig. 47. Book I.) that is, 
53.985: 14-265 :: 10.955: 46 = 2.89g—. No 
Now Db (==Ca—CD—ab==14.265—1.85 — 2.895) 9.52 
and Hb (==32.5 + 9.52) == 42-02. 
3. To find the focus q after the laſt refraction at D, it will be, 
Hb: HD—2.5 :: D: Dg. (ſee fig. 45. Book I.) that is, 
42.02 : 30 :: 9.52: 6,797 D. E. I. 555 
| After the ſame manner, by 142 to 144. I. may be found the focus 
of the refracted rays, wherever the focus of incidence Q_ is placed 
Vide fig. 43 to 48, Book I. . £ 
19. Schol. 1. Let t be the bottom of the retina, then D/=="0.3þ 
Yt—"0.21, {q==0.45, and Yq==0.66. And hence if it be ſuppo 
that parallel rays, and rays diverging from a focus at the diſtance of 
inches from the cornea, are equally ſuited for diſtinct viſion ; the ret 
ſhould biſect V/; and therefore the axis of the eye ſhould be either 
little longer, or its refractive power a little greater, than what has bee! 


nn I I 
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| center of the cryſtalline alone is the 
E V="1.24, Whence it is ſufficiently manifeſt, that the focal center of te 
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above ſuppoſed. However, if we argue from the places of V, F and 9, 
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the meaſures of the eye are pretty conſiſtent, 


20. Schol. 2. By ſuppoſing ? a focus of incidence, we may, after the 
manner ſhewed in the preceding Prop. find a focus Q, from whence 
rays diverging upon the eye would be united at the retina ; and-accord- 
ing to the numbers in Art. 13, 15, AQ==23.956 or 24 inches nearly. 
Whence, if our meaſures of the eye could be depended upon, it might 
reaſonably enough be concluded, that 24 inches is the natural diſtance 
of diſtinct viſion; or that diſtance at which the eye would ſee an object 
perfectly diſtinct, without any ſtraining or effort of any of its parts. 
And if the axis of the eye be ſuppoſed a little longer, ſo as the retina 
may biſect V9, the ſaid diſtance AQ will be leſs than 24 inches. But 
to aſſign that diſtance from the meaſures of the eye, would be a vain 
attempt; for a ſmall error in theſe meaſures, would produce a very 
great one in the ſituation of the point ſought, Q. 


21. Schol. 3. If it be ſuppoſed that the pictures of objects, when 
ſeen diſtinctly, are formed upon the retina; it is manifeſt that a different 
conformation of the eye is neceſſary, for obtaining diſtinct viſion at 
different diſtances, either as to the length of its axis, or as to the figure 
or poſition of the cornea or cryſtalline. But which way ſoever this dif- 
ferent conformation is effected, as ſmall a change in the eye as will ſuf- 
fice for procuring a diſtinct viſion of objects, from a moderately ſmo1! 


diſtance, to double that diſtance ; will alſo ſuffice for all diſtances, tron 
that double diſtance to infinity. 


Let AQ be the axis of the eye, AB its ſemi-aperture ; p the place 
of the neareſt object, Qa ſecond object; ſo that Q A or pB, and 
let EB be a ray parallel to the axis. Now becauſe Bp — Q, the 
CB BQp==&tBQ; whence it is ſufficiently manifeſt, that if the 
eye is ſo adapted as to unite a ray pB with the axis, at the point where 
the retina interſects it; as great a change in the eye is requilite to bring 
a ray QB to unite with the axis and the retina, as will afterwards be ne- 


ceſſary to bring the ray & B to an union with the axis of the eye and 
retina. its 


Fig. 3. 


22. Schol. 4. The focal center of the eye, (or that point O in its 


b Fig. 2, 2. 
axis, at which an object, and its 8 A upon the retina, form both the . 


ö lame angle) is nearly, where the hindermoſt ſurface of the cryſtalline 


interſects the axis. 


The focal center of the cornea alone, is its center „; and the focal 
point , ſo that sD==30.8, and 12. x 


O eye, 
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eye, or of the cornea and cryſtalline taken both together, muſt be 
ſomewhere betwixt s and 7, Let / be the principal focus of rays com- 
ing out of the aqueous humour upon the cornea, g the principal focus of 
the cryſtalline humour, and let the ſpace r be fo divided in O, that 
$O:Or::5g:7f; it is pretty evident that the point O thus found, will 
be the focal center of the eye, at leaſt nearly *; to find which we ſhall 
have rf=13.4, g= 17. 50, and sr==1.24 ; whence O —0.7. But 
s5D=—=0.8, and Df. 34, and therefore Of=6.44, and AO==2.81. 
2E. J. 


Fig 4. 23. Corol. 1. In every oblique pencil which enters the eye, that ray 
is to be eſteemed the axis, which interſects the axis of the eye in O, 
as repreſented by the black lines in the annexed figure. And therefore 
in an oblique pencil, the axis is not the middlemoſt ray; and the 
greater is the obliquity of the pencil, the more remote will its axis be 
from the middle; and when the obliquity is very great, the axis will 
be excluded from entering into the pupil. 


24. Corol. 2. Having the angle ſubtended by any object at the eye, 
by making O? radius, we ſhall have the diameter of its image upon 
the retina. Thus, a circle facing the eye, and ſubtending an angle 
thereat of 1 in. will have for its image a circular ſpot upon the re- 
tina, whoſe diameter is about r part of an inch. 


* 185. J. 


$. 2. Of the manner of viſion: 


The ners - 25. It is ſuppoſed, without any controverſy, that the nerves (which 
the organs of are diſtributed all over the body, and center in the brain) are the im- 
ion. mediate organs of ſenſation. And there ſeems no room to doubt, but 
that our ſenfations are immediately cauſed by impulſes from external 

bodies, either by touching our bodies in the groſs, or by ſome ſmall 

material particles ſome how propagated from them. Of the firſt ſort; 

is the ſenſe of feeling, ſo called; and not unlike that, is alſo the ſenſe 

of taſting, the bodies we taſte being in immediate contact with the pa- 

late, tho' diſſolved into ſmaller particles, which either by their different 

texture, figure or ſizes, give us the ideas of different taſtes. Smelling 

is cauſed by the impulſes of ſmall particles, or effluvia, propagated from 

the odoriferous body: While the idea of ſound, or of bearing, is . 

J 

* Authors differ very much about the ſituation. from where we have placed it. The method of 

of the focal center O; ſome placing it in the finding the focal center of two or more lenfes, of 

center of the eye, others in the vertex of the cor- reſracting ſurfaces any how combined, will be 


nea; ſome in the middle of the cryſtalline, and ſhewed hereafter ; but for our preſent purpoſe, 


others in the middle of the pupil; but for the the ſummary explanation above is ſufficient. 
rcafon above afligned, the pont O cannot be far 
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by impulſes of the air (put into an undulating motion, by a tremor or 
5 vibrating motion of the ſonorous body,) on the drum of the ear *. 
he 
of 26. And we can make no doubt, but that light propagated from +. nag 
1 viſible bodies, by ſtriking upon the proper organ, is the mediate cauſe „ 
iu of viſion. 
all Thus, for example, the pencils of light BPB, BQB, BRB propa- Fig. 4. 
mm cated from the points P,Q,R of an object POR, are firſt refracted by Light, how 
1. the cornea, ſo as to belong to the focus's a, b, c reſpectively, at ſome ae * 
certain diſtance behind the eye; then by the anterior ſurface of the picture form- 
* cryſtalline humour, they are again refracted towards the focus's þ, i, R ed up-n the 
9 nearer to the eye than before ; and laſtly, in going out of the cryſtal- 
= line into the vitreous humour, they are retracted ſo as to unite in the 
bo points p, 9, r. In like manner, the pencils of rays coming to the cornea 
I from every phyſical point of the object PQR, are, by the different re- 
will fracting ſurfaces of the eye, brought orderly to unite upon the retina, 
and there form as it were an image pqr, of the object; but in an 
_ inverted poſition, the rays belonging to P uniting at p, Cc. 
— Thus, the cavity of the eye is a kind of + Camera Obſcurd; the cor- 
14. nea and lline making a ſort of compound lens, whoſe aperture 
Ws is limited by the breadth 4 of the pupil. 
: 27. Sir JJaac Newton ſeems to think that ſenſations are excited in the $irJaacNew- 
brain by a vibrating motion of the nerves. Newton's Optics, Q. 12, «“ 
pag. 319. Do not the rays of light in falling upon the bottom of the 3 
eye excite vibrations in the tunica retina? Which vibrations, being pro- viſion. 
= * n along the ſolid fibres of the optic nerves into the brain, cauſe 
vhic he ſenſe of ſeeing. For becauſe denſe bodies conſerve their heat a long 
e r= _ and the denſeſt bodies conſerve their heat the longeſt, the vibrations 
: _ - their parts are of a laſting nature, and therefore may be propagated 
1 along ſolid fibres of uniform denſe matter to a great diſtance, for conveying 
3 into the brain the impreſſions made upon all the organs of ſenſe||.” 
) 
e ſenſe 5 0 2 28. 
he pa- , . How exquiſitely ſmall muſt be the effluvia of ſenſes, there may be a t many of other 
| = ny and how delicate our nerves, to be moved that are 3 — 4 : Mognetifin fs 1 
Y R 2 impreſſions; and not only that, markable inſtance ; and electricity is a wonderful 
melling 328 affected differently by ſuch an innu- phænomenon. The flaſhes of lightning from 
d from 1 F. of them ! How vaſt are the va- rubbing a glaſs tube in the dark ; the ſpray of 
ted ir 0 mells, and what a long time will ſome the ſea againſt the ſides of a ſhip under a freſh 
excit ̃ : 3 bodies, preſerve their odour,without a gale ; the ſhining of touchwood ; are inſtances 
by N iminution of their weight ! What an im- among ſeveral others, that bodies may emit light 
s ing! Bo inch of tallow is capable of fil- without being in what we call a burning ſtate. 
meth » 2h ar - ighted candle may be ſeen at the And how does that light differ from that of fire, 
2 - N „ and ny ere of oe except in degree ? 
d, neous, What an infinite For the theory of the C 
at purpoſe, ne fa ſounds can we diſtinguiſh ; and how Pt 5 . 1 246. Book I. e 
fñcient. g 15 the effect of muſick ! Beſides theſe || See alſo Q. 16. latter end. 


euvia's of bodies that immediately affect our 
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Ofcolour, 28. In the next Query (13. ) the ſame great author propoſes the fol- f 
3 the lowing moſt beautiful hypotheſis, as a ſolution of the phænomena of 0 
ſame author. colours. Do not ſeveral ſorts of rays make vibrations of ſeveral big l 

neſſes, which according to their bigneſſes excite ſenſations of ſeveral t 
colours, much after the manner that the vibrations of the air, according fl 
to their ſeveral bigneſſes, excite ſenſations of ſeveral ſounds ? And par- n 
ticularly, do not the moſt refrangible rays excite the ſhorteſt vibrations 
for making a ſenſation of deep violet; the leaſt refrangible, the largeſt, q 
for making a ſenſation of deep red ; and the ſeveral intermediate ſorts p 
of rays, vibrations of ſeveral bigneſſes, to make ſenſations of the ſeveral 
intermediate colours?“ | 1 i 
Sir 1/aac 29. In a manuſcript of Sir Jaac Newton's, a copy of which I was fi 
Nexwton's0pi- favoured with by the curious and learned William Jones Eſq; that great re 
t vi- ö 22 . | . . . 
fefenſations author's opinion is, that the ſenſations cauſed by the impulſes of light is 
are communi- upon the retina, are communicated to the brain or ſenſorium, by the v 
3 bs + wap mediation of a fine æther: His words ſee below “. * 
* zo. In order to form diſtinct viſion, the ſtructure of the eye itſelf d1 
Oy plainly indicates, that a certain quantity of rays from every viſible point tl 
— of an object, are neceſſary to be united at the fund of the eye; and fi 
ly contrived. that the points of union of the rays of the different pencils, muſt be ol 
diſtinct and ſeparate from one another, at leaſt that there ſhould be 
but as little mixture of them as poſſible. For the effecting of theſe in 
purpoſes, the ſtructure of the eye is admirably contrived : All the rays ne 
coming from any viſible point of an object, that can enter the pupil, vi 
are united cloſely together upon the retina, and thereby make a vaſtly ſo 
greater impreſſion, than a ſingle ray alone could do; and for this end, of 
the retina is placed at a proper diſtance behind the refracting ſurfaces. 
In like manner, each pencil of rays is refracted orderly inte diſtinct 5 
| focus's, _ 
Light ſe dom ſtrikes upon the of groſs of water; becauſe thoſe pores are filled with fra 
bodies, (as may be ſcen in its paſſing through water: and if it could, it would be too ſubtile = 
them ;) its reflection and refraction is made by to be impriſoned by the d mater and fkull, loo 
the diverſity of æthers; and therefore its effect and might paſs for #ther. However, what need of 1 
upon the retina can only be to make this vibrate : of ſuch ſpirits ? Much motion is ever loft by com- len: 
which motion then muſt be either carried in the munication, eſpecially betwixt bodies of different by 
optic nerves to the ſenſorium, or produce other conſtitutions. And therefore it can no way be &d | 
motions that are carried thither. Not the latter, conveyed to the ſenſorium ſo entirely, as by the a lit 
for water is too groſs for ſuch ſubtile impreſſions; ther itſelf. Nay, granting me, but that there ſity 
and as for animal ſpirits, tho” I tied a piece of are pipes filled with a pure tranſparent liquor he! 
, | p a Pic p P 4 
the optic nerve at one end, and warmed it in the paſſing from the eye to the ſenſorium, and the at C 
middle, to ſee if any airy ſubſtance by that means vibrating motion of the æther will of neceſlity cryt 
would diſcloſe itſelf in bubbles at the other end, run along thither. For nothing interrupts that ima 
I could not ſpy the leaſt bubble; alittle moiſture motion but reflecting ſurfaces; and therefore alia Thi 
only, and the marrow itſelf ſqueezed out. And that motion cannot itray through the reflecting of: 
indeed they that know how difficultly air enters ſurfaces of the pipe, but muſt run along (like 3 the 
ſmall pores of bodies, have reaſon to ſuſpe& that ſound in a trunk) entire to the ſenſorium. And tha 
an airy body, tho" much finer than air, can per- that viſion thus made, is very conformable to the of « 


vade and hut violence (as it ought to do) the 


(mail pores of the brain and nerves, I ſhould ſay 


ſenſe of heuing, which is made by like Vie 


brutions,? 
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fol- focus's, that the whole object may at once be diſtinctly ſeen, If the rays 
1 of of light were not thus refracted, very few of them would ſtrike upon the 
big- leaſt ſenſible point of the viſionary nerve, wherever that was placed, and 
eral the rays from different objects, or from different of objects, would 
ling ſtrike on the ſame place at once, which muſt have created an indiſtinct- 


par- neſs equal to blindneſs. 

ions When the light is weak, or ſtrong, the pupil is accordingly enlarged 

geſt, or contracted, for the admiſſion of more or fewer rays; that the im- 

ſorts preſſions upon the retina, in both caſes, may be the more ſuitable. | 

eral The cryſtalline humour being denſer towards the *middle than elſe- 8. II. 
where ; it is reaſonable to ſuppoſe, that this humour is not equally re- | 

was fractive, the denſer, or middlemoſt part, being more refractive than the 

great reſt v. This different denſity, of the conſtituent parts of the cryſtalline, 


light zs admirably contrived for correcting the aberration from its figure, as 


the well as that of the cornea +. The rays in each pencil that are more 

and more remote from the axes, by paſting through a medium gradually 
itſelt diminiſhing in denſity, from the middle towards the extremes, have 
point their focus's gradually lengthened, which corrects the aberrations of the 
00 figure, that ſo they may all unite nearer together. The concave figure 


of the retina is alſo ſerviceable in this caſe. 


31. It is indiſputably 


true, that objects are ſeen by means of the Whr objects 
impulſes of the rays of light, propagated from them upon the viſionary te ſeen eee 


nerve; and we have the concurrent teſtimony of all our ſenſes, that 
viſible objects, or fuch of which we have viſible ideas, do really exiſt 
ſomewhere, that is, at ſome, may be uncertain, diſtance], in the direction 


of thoſe rays, or of the principal ray in each pencil. 


And hence it 
neceftarily 


iſtinct lt is conſtantly obſerved, that in mediums It is almoſt unneceſſary to advertiſe the 
: of the ſame kind, but of different denfities ; that reader, that what is here meant, is light coming 
cus 8, which has the greater denſity, has the greater re- direQly from the object to the ſpectator, withou: 
ed with fractive power. being bent by reflection or refraction. Images, 
o ſubtile + This conjecture appears ſo natural, that it as thoſe in a looking-glaſs, c. excite the ſame 
1d ſrull, looks as if this important end be one main deſign kind of ideas, and that by the ſame laws of viſion, 
hat need of the cryſtalline. For if we conſider it as a mere as real objects do ; and it is very true, that our 
by com- lens, for ſhortening the focus's of rays'refrafted ideas themſelves have no ſimilitudes, or perhaps 
different by the cornea ; that end might have been obtain- any neceſſary connection, with material bodies 
way be ed by a much leſs apparatus, by only increaſing And hence ſomewhat like an argument has been 
by the a little the convexity of the cornea, and the den- advanced, to ſhew that a material world does 
hat there ity of the humour behind it: Perhaps it alſo not exit, or at leait does not, as to any thing we 
it liquor helps to accommodate the eye for diſtin viſion, know, neceſſarily exiſt. But to wave metaphy 
and the at different diſtances. In the eyes of fiſhes the tical arguments, which perhaps are more ſervice 
neceſſit cryſtalline is globular, having in the middle a able for maintaining of feigned hypotheſes, than 
pts that imall nucleus or kernel, much harder than the reſt. for diſcovering truth; it, is ſufficiently manifett 
efore allo This figure cauſes a greater aberration than that that ſomething does really exitt, which is inactive. 
reflecting of a thinner lens, to correct which, the kernel in ponderous, endued with ſome peculiar qualities, 
g oe? the middle is accordingly harder in proportion, which men have learned to medify various v avs 
m. Al than the middle of the cryſtalline in the eyes for their conver.iexcy. Put if theſe refined lo 
ble to che of other animals. A due conſideration of the gicians will not allow us the teltimony of out 
like vi⸗ ſtructure of the eye, may furniſh uſetul hints for tenſes, they will not, "tis to be hoped, derrive 


the unprovement of optical inſtruments. 


us of our religion too; and does not that up; vie 
the cx:ttence uf a materia Md! 


102 A TREATISE Book II. 


neceſſarlly follows, that we ſhould ſee objects erect, and all their parts 
in their due order and ſituation ; that is, thoſe parts that are to the 
right and to the left, we perceive in theſe ſituations. For though in- 
verted images of objects are, as it were, formed at the bottom of the 
eye, yet it cannot be ſuppoſed that the eye, or the mind ſees theſe 
images, as ſuch : For the eye ſees no part of itſelf, and even external 


objects muſt be at a competent diſtance from it, to become diſtinctly 
viſible. 


What ie uſual- 32. The impreſſions upon the retina, of the ſeveral pencils of light 

ly meant by propagated from an object, will be neceſſarily more or leſs diſtinctly per- 

a 5: ceived, according as the imaginary image there formed by them, is more 
or leſs perfect; and ſo for ſhortneſs of expreſſion, an image upon the 
retina is often ſpoke of, to denote the degree of diſtinctneſs of à viſible 
object; and alſo to denote in general, the impreſſions of the pencils of 
light upon the retina, when the diſtinctneſs of viſion is not particularly 
conſidered. 


Ideas accom- 33. As all our ſenſations are ſome how cauſed by impreſſions from 


panyingdifte- external bodies, ſo particular ſenſations never fail to excite in us the 
— wo ideas of particular bodies; and theſe ideas, or ſomething at leaſt in the 
experience. compoſition of them, we yt aha acquire by experience. How 
elſe could a particular ſound produce the compound idea of a bell, a 
drum, a man, an acquaintance ? And language is a ſurpriſing inſtance 
of the great ſtrength and quickneſs of our retentive faculties, in aſſo- 
ciating together a vaſt variety of ideas, which before were learned and 
treaſured up, as the proper ſignifications of ſuch particular words or 
ſounds. In like manner, different ſmells and taſtes are accompanied with 
ideas, which before had been treaſured up in the memory, Our ſenſations 
themſelves are probably coeval with us, and perhaps they differ but 
little all our lives, except in degree of quickneſs or perfection: It is 
the ideas that accompany them, which are acquired ; and theſe for the 
moſt part are got ſo early, that we forget our having ever learned, as 
it may not improperly be called, to ſee and to hear, &c. And yet fo 
true it is, that we have as it were learned ſeeing and hearing, &c. that 
an adult perſon, who had been blind or deaf from his infancy, would 
not be able immediately to make any great uſe of his new acquired 
ſenſe, till he had time and opportunities to make his proper obſervations, 
as others had done in their childhood “. The theory of viſion, as little 
as we know of it, is yet better underſtood than that of either of our 
other ſenſes, And it is very manifeſt, that the ſame object placed in a 
different light, in a different poſition with reſpect to the optic axes, or 
at a different diſtance from the eye, will have a different image upon the 


retina ; 
.* See Phil. Tranſ. N 402 ; and Tatler, Ne 55. 


true, with reſpect to all our ſenſations ; for all motions muſt be per- tion. 
| formed in time, though imperceptible to us. The phenomenon of a 
burning coal appearing like a ring of fire, when whirled nimbly about 
in the circumference of a circle, ſeems to prove that viſible ſenſations 
have a ſenſible duration. For the impreſſions of light from the coal 
in cyery part of the circle, do probably remain entire on the eye, till 
| they are renewed by the arrival of the coal at the fame part again 
otherwiſe, inſtead of a ring of fire, we ſhould ſee the coal diſtinctly in 
the ſucceſſive places, as the caſe is when it is moved but ſiowly. In 
| like manner, in going ſuddenly out of a ſtrong light into the dark, the 
impreſſions of the light are perceptible for ſome time; and the uneaſi- 
neſs we feel at ſuch times, ſhews that a ſudden change, even from light ta 
| darkneſs, is hurtful to the eyes: The ſame kind of uneaſineſs is like wiſe 
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retina; and yet innumerable variety of theſe circumſtances will cauſe 
no difference in the viſible idea; experience having taught us, that theſe 
different ſenſations proceed from thoſe different circumſtances, we in- 
ſtantly, _ imperceptibly, form the ſame jdea of the object that we were 
uſed to do. 


34. There ſeems but little room to doubt, but that like ſenſations Like ſenfi- 
do always excite like ideas, although the cauſes of theſe ſimilar ſenſa- fonte n 
tions may be different. The flaſhes of lightning ſometimes perceivable cue, excite 
from a ſudden blow upon the eye, or other part of the head, are probably like ideas. 
owing to the ſame kind of motions being excited in the optic nerve by 
the blow, as by the impreſſions of real lightening. After the fame man- 
ner we may make ſome probable conjectures, as to the cauſes of other 
phznomena of the like ſort. As the circle of colours, like thoſe in the 
teather of a peacock's tail, that appear upon preſſing in the dark one 
corner of the eye with the finger, are probably owing to the like motions 
being excited at the bottom of the eye, by the preſſure of the finger, as 
at other times are excited there by light for caufing viſion &. And 


theſe phænomena do ſomewhat corroborate the hypothefis, of viſion 


| being cauſed by ſome motion excited in the optic nerve, by the impulſes 


of light upon the bottom of the eye. | 
35. The ideas we have from the impreſſions of light, do not inſtant- vigble im. 


hy vaniſh, but remain for ſome ſmall time. This muſt undoubtedly be prefions hav 


{ome dura- 


telt, in going ſuddenly out of a dark. room into a ſtrong light. Theſe 


| phznomena do alſo ſhew, that the eye requires ſome time to adapt itſelt 
to different degrees of light. Theſe and tome other phænomena, + Sir 
| Haac Newton brings to corroborate his hypotheſis, that the motions ex- Alt alou, 
cited by the impreſſions of light upon the retina, are of a vibrating na- H 


50 $i 


C 
ture; 


* Nexwten's Optics, Quer. 16. ＋ Ibid, 
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ture ; and moreover, he deduces from them, that motions once excited at 
the retina, continue there about a ſecond of time before they ceaſe. 


F. 3. Of apparent motion. 


vod hoe 36. In like manner, as the different ſituations of ſeveral bodies, or 

perceived. of the ſeveral parts of the ſame body, whilſt at reſt, are perceived by 
the impulſes of the light proceeding from them upon correſpondent 
parts of the retina ; fo alſo are the motions of bodies, perceived by the 
ſucceſſive progreſs of theſe impulſes over different. parts of the retina, 

Fig. 6. Thus, if an object moves from P along the line PQ, its image upon 
the retina will alſo move from p along the line pg. 


A ſpectator in 37. The ſame phænomenon, as above, will happen, if while the objed 
motion, ſees P 1s atreſt, the eye be carried parallel to PQ the contrary way; for the 


an object at 


reſt move the imageof the object P will in both caſes be moved alike along the line pg. 


contrary way. And in the two caſes, if the velocity 


of P and the eye be the ſame, 


the ap parent velocity of P will be the ſame alſo *. | 

This accounts why a paſſenger carried in a coach or boat, ſees, or 
imagines he ſees, the adjacent trees or buildings move, juſt at the ſame 
rate, as a perſon at the place he looks at would ſee his vehicle move, 
And this deception, if it may be fo called, will be the ſtronger, as he 
is the leſs ſenfible of his own motion, and the quicker it is; for then 
he has the leſs incitement, and the leſs time, to inform his judgement of 


the true cauſe +. 


Fig. 6. 
Phznom. of a 


38. Carol. An object moving along a line PK, will appear at reſt, to 
a ſpectator moving with the ſame velocity along the line Q, parallel 


ſpectator and to PK. And if the motion of the object, is quicker or ſlower than that 
an object both of the ſpectator, it will have an apparent motion, which will be direct 


in motion. 


or retrograde accordingly. If the two motions are contrarily, the appa- 


rent motion of the object will be ſo much the greater, in proportion to 
the real motion of the ſpectator. To paſſengers in a boat on a broad 
river, the phænomena here explained do frequently occur; and they are 
perhaps more agreeable to theory, becauſe we are leſs uſed to them, thai 


to objects at reſt. 


* Hence, if the earth be ſuppoſed to move 
round its axis from weſt to eaſt, while the hea- 
venly bodies are at reſt, they will appear to us, 
to move the contrary way from eaſt to weſt ; 
there being nothing in this caſe to indicate to us 
ow own motion. And therefore no argument 
drawn from the apparent diurnal motions of the 
ſtars and planets, can be of any ſupport to cither 
the Ptolemaic or Pythagorean Syſtems. 

+ Thus a perſon walking or riding flowly, 
tho" he perceives the change of ſituation of ad- 
iacent bodies, yet being ſenſible of his own mo- 


PROP 


tion, and having time ſufficient to reflect in the 
intervals of theſe apparent changes, thoſe bodit 
appear nevertheleſs to keep in their places. Bet 
if he runs or rides ſwiftly, he cannot help fanc) 
ing the bodies he looks at, to move towards hic. 
The deception is ſtill ſtronger, when one fits 4 
eaſe. In coming up the river on board a 5 
I could not help fancying that the veſſels a-hes 
came at a good rate to meet us, and being ” 
{ome trend of their running foul upon us; tho 
their want of fails, was an indication to und- 
CeiVe ME. l 
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39. The ſame degree of velocity appears greateſt, when the motion is Apparent ve-. 
in a line perpendicular to the optic axis; and when the motion is in other _ pt 
direftions, the apparent Wong will be, as the cofines of the angles of oblique direc- 


3 . tions to the 
inclination to the ſaid perpendicular. optic axis. 


Thus, if two bodies ſet out at the ſame time from P, the one mov- Fig. 6. 
ing along the line PQ perpendicular to the optic axis Qq, and the other 
along the line PS obliquely to it; and if their velocities be ſuch, as to 
paſs over the lines PQ, PS in the ſame time, it is manifeſt that their 
apparent velocities will be the ſame ; for the images of each, will paſs 


cover the ſame ſpace pd at the bottom of the eye, in the ſame time. 


Their real velocities in this caſe being as PQ to PS; it is manifeſt that 
when the velocities are equal, the apparent velocity of the body which 


moves in PQ : the apparent velocity of the body moving in PS:: PS: PQ:: 


| Radius: Cofine of the PS. Therefore, Sc. Q. E. D. 


40. And we can no otherwiſe perceive motion directly towards or Motion in the 


perceived. 


| from the eye, than by the change of the apparent magnitude or bright- oPtie ho 
| neſs of the object: For in that caſe, the image of ch 
| keeps its ſituation upon the retina invariable. 


e moving body, 


* 


41. 1f two or more objects at different diſtances from the eye, move in 


| parallel lines nearly at right angles to the optic axis; and if their velo- 
cities are proportional to the ſaid diſtances, their apparent velocities will 
be all equal: And if their real velocities are equal, their apparent velo- 
cities will be reciprocally as their diſtances from the ſpectator *. 


1. Let an object move from Q to P, in the fame time that another Fig. 6, 


moves from G to H, and it is manifeſt that their apparent velocities will 
| be equal; for the ſpace gp upon the retina, will be paſſed over in the 


| lame time, by the image of each; and their real velocities are, as the lines 


, GH; but QP: GH::QO:GO. 2. E. D. 2. Let the velocities 


of the objects G and Q, be equal; then will the object G arrive at K, 
| and its image deſcribe the ſpace 9+ upon the retina, in the ſame time 
| that the image of the object Q deſcribes the ſpace 9p; and therefore 
| the apparent velocities of theſe two objects are as * and gp, or as 
| CK (=QP) and GH; that is, the apparent velocity of the object G, 
| Sto that of Q; as QO to GO. 2. E. D. 


1 FROP. 


elt is here ſuppoſed, that the ſpectator makes he does, the phenomena may diſagree with the 
w allowance tor the different diltances ; when theor Y. 
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FROM 11, 


Apparent re- 42. The apparent velocities, of bodies moving in parallel lines at diff. 


— —t rent diftances from the eye, are directly as the real velocities, and reci. 


ances. procally as the diſtances ; that is, as the velocities divided by the diftances. 


Fig. 6. Let two bodies move from Q,G, in the parallel lines QP, GH ; and 
let the velocity of the object Q, be called V, and that of G, v; and let 
their apparent velocities be called A, 3. I fay, that 

3s 85 : A: a:: VX GO: vxQO. 

If the two objects be conceived to move in the ſame line, ſuppoſe 
GK, then whatever be their velocities, it will be V: v:: A: 4; and 
ſuppoſing the velocity of the object Qto be the ſame in QP, as before 

41. II. in GK, it will be A: A in GK :: G0: Q 

And A in G: 4 :: V : v; and compounding theſe, 


it will be Ara GOxV: QOx»v:: gg: g NE. D. 


Object at reſt 43. Schol. 1. After the ſame manner, as objects in motion will have 

er at- different apparent velocities, according to their different diſtances from 

e & ſpectator; ſo to a ſpectator in motion, objects at reſt will have diffe- 
rent apparent velocities. Thus, a paſſenger in a coach ſees the trees in 
the next hedge move ſwiftly backwards, whilſt thoſe in the field beyond 
move flower, and thoſe beyond theſe ſtill lower ; and fo on, thoſe 
that are very remote being ſcarce perceived to move at all. And if a 
ſpectator in motion keeps his eye fixed upon an object at ſome diſtance, 
objects which are pretty near that, will appear at reſt, as in this caſe, their 
images upon the retina will remain fixed; whilſt nearer objects will ſeem 
to go backwards, and more remote ones progreſſively forwards, the ſame 
way with the ſpectator. 


Odjects at 44. Schol. 2. If two or more objects, having the ſame apparent velo- 
8 city, move all the ſame way; an object at reſt, by which they pats, 
and the con- may appear to move the contrary way, whilſt the objects in motion may 
—_—— ſeem at reſt. For no motion among themſelves is perceivable, ſince 
is atreſt, their images upon the retina keep the ſame diſtances from each other; 
and if the ſpectator inſenſibly moves his eye, ſo as to keep theſe images 
in the ſame place, the image of the object at reſt will paſs ſucceſſively 
over them, after the ſame manner as if that object had been in motion 
the contrary way. The fame phænomenon may happen, if the ſingle 
object be in motion either the ſame or contrary way; only its apparent 
motion will be quicker or flower, direct or retrograde, according to the 


different circumſtances. Thus, when the clouds move ſucceſſively ove! 


the 


__ _ a 
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the moon, ſhe ſeems to go with their velocity the contrary way, whether 
that be eaſtward or weſtward. 


45. Schol. 3. From the preceding propoſitions, it appears how diffi- Pegrecs of 
cult it is, to form a juſt eſtimation of the real velocities of objects, from velocity diff. 
the apparent ones; ſince we ought to know both the directions and te e 
diſtances of the moving objects, neither of which in many caſes, can 
be gueſſed at with any tolerable accuracy ; and tho' we had them both 
given, the calculus is too perplexed to be made extempore, We are in 


ſome caſes, as above obſerved, even liable to miſtake the way towards 
which an object ſteers. 


46. Apparent motion, or the motion of the images of a moving ob- vigble mo- 
jet upon the retina, muſt have a certain limited degree of velocity 8 
to become perceptible; that is, the ſpace deſcribed upon the retina in a Jegressof g 


: _ : : degrees of ap- 
given time, muſt be neither leſs than ſome given ſpace, nor greater than parent velo- 


ſome other determinate ſpace. city. 


47. If the motion of the ſun's ſhade, at the diſtance of five feet from of the ſlou 
the gnomon that caſts it, be obſerved at about a foot diſtance from the eſt apparent 
ſhade, when the ſun changes his azimuth about ten degrees in an hour; . 
the apparent motion of the ſhade will be then as flow as can well be 
perceived, and the ſpace deſcribed by it upon the floor, will be about 
ro Inches in an hour; and the motion of the image of the ſhade, 
upon the retina of an eye looking at it at the diſtance of 11 Inches, will 


be at the rate of about £ Inch in an hour, or .o1 of an inch in a mi- 
nute. 


48. By the above ſuppoſition, the ſpace deſcribed in an hour by an ob- The angulas 
ject having the ſloweſt perceivable motion, and the diſtance of the eye ſpace deſcrib- 
from the object, are nearly equal: And therefore the ſpace deſcribed in sd RS. 
a minute of time, by an object having ſuch a degree of motion, ſubtends obje& having 
an angle at the eye of about one degree: Or the ſpace deſcribed in a min. t per- 
in a line perpendicular to the optic axis, by an object having the leaſt tion. 
perceivable motion, is about of the diſtance between the object and 
the ſpectator. Hence, we fee why the heavenly bodies are not perceived 
to move ; the ſpaces deſcribed by them in a minute, not ſubtending an 


angle of above a + degree, when their apparent motion is greateſt. 


49. It is difficult to aſſign the greateſt angular ſpace, that can be de- Orte ufer 
a . f ; : N 
(cribed in a given time, by an object having the greateſt perceptible mo- eſt perceptible 
tion; and the difference may be very great, betwixt that degree of velo- dn. 
city with which ſomething may be perceived to croſs the optic axis, 


EF: 2 and 
7 The motion of the ſide would not be per- tuations of moving bodies with others at reſt, a 
©1aJe, if we did not tend to fix marks upon motion much ſitter than that of the ſhade will 


tlie oor 3 and when we cannot compare the ſi- be imperceptible. 
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48. II. 


Deſcription 
of the optic 
nerves a 


their juncture pia mater:) but it grows from the middle of the nerve, ſticking to it all 


in the brain, 
by Sir Jſaac 


Newton. 


Fig. 8. 
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and that, with which the ſame object may be diſtinctly ſeen, as it moves: 
Of this latter fort, let that of a falling body at the diſtance of 20 feet 
from the ſpectator, and in that part of its fall when its velocity is at the 
rate of 19 feet in a ſecond, be the quickeſt perceivable motion; the mo- 
tion of the image upon the retina at that inſtant, will be at the rate of 
about £ of an inch in a ſecond ; and therefore upon this ſuppoſition, 
the quickeſt perceivable motion is to the floweſt, as an hour is to a 
ſecond of time, or as about 3600 to 1. 


50. We do not here pretend to aflign the preciſe limits of either the 
leaſt or greateſt perceivable velocity; what has been obſerved above, is 
ſufficient to ſhew that they have their limits, and perhaps theſe limits 
are not far from thoſe above ſuppoſed ; and perhaps alſo, the ratio of 
the greateſt to the {loweſt of velocities upon the retina, that are diſtinct- 
ly perceivable, is not greater than about 2000 to 1. We have ſeen 
*above, that a prodigious great velocity, ſuch as is the diurnal motions 
of the heavenly bodies, may be yet too ſlow to be perceived ; and the 
flight of a ball out of a gun, is much too quick for an eye not far off. 


$. 4. Of viſian with both eyes. 


What is ſaid below about the manner of communication between 
both eyes, and of viſion (diſtinguiſhed by the inverted comma's) is 


taken verbatim from the manuſcript of Sir 1ſaac Newton's, refer'd to 
in Art, 29. | 


51. © The tunica retina grows nat from the ſides of the optic nerve 
(as the other two * which riſe one from the dura, the other from the 


over the extremity of its marrow. Which marrow, if the nerve be any 
wherecut croſs-wiſe betwixttheeye andtheunion of the nerves, appears 
full of ſmall ſpots or pimples, which are a little prominent, eſpecially 
if the nerve be preſſed, or warmed at a candle; and theſe ſhoot into 
the very eye, and may be ſeen within fide, where the retina grows to 
the nerve; and they alſo continue to the very juncture EFGH. 
But at the juncture they end on a ſudden into a more tender white pap, 
like the anterior part of the brain: and ſo the nerve continues after 
the juncture into the brain filled with a white tender pap, in which 


can be ſeen no diſtinction of parts as betwixt the ſaid juncture and 
« the ee . 


cc 


cc 


52. 

* Meanirg the choroides and ſclerotica. art of the eyes, are here added to the figure 

+ The object PE S, with the pencils of rays in the Manuſcript. % 
ſuppoſed to flow from it, together with the fore- 
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contained in Qu. 15. annexed to our Author's 


An hypotheſis ſomewhat like this we have 
n Robault's Phyficks, Part I. chap. 31. Art. 20. 
that is, Mr. Rohault ſuppoſes with our Author, 
that the rwo optic nerves have their correſpon- 
dent fibres which unite in the brain; and ſo ac- 
counts why objects ſeen with both eyes appear 
not double. 
anatomy of the optic nerves ; Rohault continuing 
them ſeparate, without any union at EF, till 
the hs mar fibres, as he calls them, of each 
t 


verve, u 
points. 
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52. Now I conceive that every point in the retina of one eye, hath *r {aac 

its correſpondent point in the other *; from which two very ſlender nd of 
pipes 
or any other unevenneſs or irregularity in their proceſs, go along the 
optic nerves to the juncture EFG H, where they meet either be- 
twixt G, F or F, H, and there unite into one pipe as big as both of 
them; and ſo continue in one, paſſing either betwixt I, L or M, K into 
the brain, where they are terminated perhaps at the next meeting of 
the nerves betwixt the cerebrum and cerebellum, in the ſame order that 
their extremities were ſituated in the retina'ss And fo there are a 
vaſt multitude of theſe ſlender pipes which flow from the brain, the 
one half through the right-ſide nerve IL, till they come at the junc- 
ture GF, where they are each divided into two branches, the one 
paſſing by G and T to the right ſide of the right-eye AB, the other 
half ſhooting through the ſpace EF, and ſo paſſing by X to the 
right- ſide of the left eye a 8. And in like manner the other half 
ſhooting through the left- ſide nerve MK, divide themſelves at FH, and 
their branches paſſing by EV to the right eye, and by HY to the left, 
compoſe that half of the retina in both eyes, which is towards the 
left fide CD and y 4 +.” 


Our author proceeds, and draws the following concluſions. 


53. © Hence it appears, 1. Why the two images of both eyes, make Why objects 
but one image abcd in the brain.” appear not 


double. 

% 2. Why, when one eye is diſtorted, objects a double; i 
be if the image of any object be made upon A in {pang eye, and Made Bar 
B in the other, that object ſhall have two images in the brain at a and when one eye 
b. Therefore the pictures of any object ought to be made upon the — 
correſponding points of the two retina's ; if upon A in the right eye, 
then upon æ in the left; if upon B, then alſo upon 8. And fo ſhall 
the motions concur after they have paſſed the juncture GH, and 


make one image at @ or 6 more vivid than one eye. alone could 
do,” 


, k 1 ; | a planation of 
filled with a moſt limpid liquor do, without either interruption ths * 
VIHOD WI 


both eyes. 


$3 
Optics. It is agreed, that the union of the optic 


nerves at EG FH is ſo cloſe, that their ſubltances 
ſeem to be confounded : But notwithſtanding this 
ſeeming confuſion, ſome anatomical obſervations 
render it at leaſt very probable, that the ſubſtance 
of each of the two nerves, continue diſtinct with- 
out being any ways mixed or united together. 
Vide Edinb. Med. Ef. Vol. 3. pag. 198. We 
have other hypotheſes by other authors; nor is 
it a wonder that men ſhould differ in opinions, 
where they have fo little light to guide them. 
However, the reader cannot be diſpleaſed to have. 
Sir /jaac Nexwtoa's opinion upon this difficult 
ſubject, ir his own words. 


But theſe two authors differ in their 


imately meet in the brain in ſo many 


T The ſubſtance of this elegant hypotheſw, is 
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Why two 
thing; cannot 
appear in one 
place. 
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85. © 3. Why, tho' one thing may appear in two places by diſtorting 


cc 


% perfect .“ 


as in the note below F. 


Such an experiment, if it could be made, 
would very much corroborate the author's hypo- 
theſis; or, what would come to the ſame thing, 
if upon diſſection it be ſound, that a perſon who 
ſaw only at the right or left ſide of each eye, had 
the nerve cut or otherw ſe rendered ineffectual 
beyond F H or GF; it would go a great way to- 
wards proving a kind of coaleſcence, or union of 
the fibres of the two optic nerves, ſomewhere be- 
tween that ſection and the eyes. 

+ 5. © Why the juncture is almoſt as broad 
again ixt G and H, as between E and F ; 
becauſe all the tubuli of both eyes paſs be- 
tween G and H, and but half of them betwixt 
E and F.“ 

6. Why the nerve GIL F buts not directly 
upon the nerve X EH V, but deviates a little 
towards TV; becauſe its tubuli are to paſs 
only into that fide of the nerve EH XV to- 
wards EX. The like of FM KH.” 

7. Why the marrow of che nerve T VEG 

ſoft on a fudden, when it comes at the 
juncture EF, and more ſuddenly on that fide 
towards G than towards E. And the like 
of the nerve EXYH: For it being neceſſary 
that the nerve T VE G ſhoull be ſtretched 
and bended 1: veral ways by the motion of 
the eye; therefore the tubuli are involved or 
wrought up within the ſubſtances of ſeveral 
tough ſkins, waich being folded up together, 
compole the marrow of tae nerve pretty ſolid 
and flexible, leſt the tubuli ſhould be pre- 
zudiced by the ſeveral motions of the nerve. 
And thoſe ſmall pimples or prominencies which 
appear in the nerve cut croſswiſe, I conceive to 
be made by the foldings of thoſe crafſer ſkins. 
but the nerve at the juncture EG FH, being 
well guarded from all violence and motioa by 


theieyes, yet two things cannot appear in one place. 
cen ture of one thing fall upon A, and of another upon æ, they may bot 
e proceed to , but no farther ; they cannot both be carried on th 
« {ame pipes pa into the brain; that which is ſtrongeſt or moſt helpet 
« by phantaſy will there prevail, and blot out the other.” 


56. 4. Why, if one of the branches of the nerve beyond the 
« juncture, as at GF or FH, ſhould be cut, that half of both eye 
« towards the wounded nerve would be blind, the other half remaining 


Sir auc proceeds to account for the ſtructure of the optic nerves 


Book II 


If the pie 


57 


the bones into which it is cloſely adapted; 'ti 
not neceſſary the ſaid membrancous ſubſtance 
ſhould be continued any farther than EG: 
therefore the tubuli there on a ſudden unſheath 
themſelves, that thoſe on the inner fide of the 
nerves towards VE and XE may ſeverally croſs 
'twixt E, F, and be united witli their correſpon- 
dents on the other fides VII and TG. ow 
becauſe the inner tubuli muſt firſt croſs, before 
they can concur with the outmoſt tubuli of the 
oppoſite nerve; hence it is, that the nerves grow 
ſott ſooner on the inner fide at E, than on the 
outer ſide at G and H.“ 

8. Way the two nerves meet a ſecond time 
in the brain : becauſe the two half images carried 
along I Land MK may be united in one com- 
pleat image, in the ſenſory. Vote, that the 
nerves at their meeting, are round about disjoined 
from the reſt oſ the brain; nor are they ſo thick 
there, as a little before the:r meeting. But by 
their external figure, they ſeem as if the capilla- 
menta concentered like the radii of a hemithhers 
to a point in tne lower part of the juncture. And 
tis probable, that the viſive faculty is there: for 
elſe why do the nerves ſwell there to ſo great a 
bulk, as it were preparing for their laſt office ? 
Why do they run directly croſs from either fide 
the brain to meet there, if the deſign was to have 
the motions conveyed by the ſhorteſt cut from the 
eye to the ſenſorium, before they grew too weak. 
If they were to proceed farther, they might have 
gone a ſhorter cut, and in a leſs channel. There 
1z indeed a marrow Toots from under them to- 
ward: the cerebellum, to which they are united 3 
but the greateſt part of their ſubſtance, if not al 
of it, lies above this marrow, and alſo ſhoots 
croſs beyond it to the center of the brain where 
they meet. Laſtly, the ſub$ance here is molt 

pure, 
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57. Defin. Let aAF, bBF produced till they meet in P, be the axis Lig. 7, 8,9. 
of the right and left eyes A,B reſpectively; the angle AFB contained Oftie angle. 


between theſe two axes, is called the cptic angle, And a plain PR 
touching the point F, ſo as to be perpendicular to the plain of AFB, and 
alſo make equal angles with the axes AF, BF, is called the Horapter. 
The angle PVR, fg. 7. or POR, fg. 4. contained between two lines 
Po, Rv, or PO, RO drawn from the extremities of an object to the fo- 
cal center of the eye, is called the vil angle of that object; the viſual 
angle then is that, which any object, however ſituated, ſubtends at either 
eye of the ſpectator. 


J oropter, and 
vitual angle. 


58. So far as obſervation can reach, it is univerſally confirmed, that another cute 


when we look attentively upon any object, the axes of both eyes aligred why 
objects appear 
not double. 


are directed towards it, or towards that part of it which we more parti- 
cularly look at; and we are ſo habituated to turn both our eyes towards 
the ſame place, that if one eye be ſhut, its motion will follow that of 
the other: As in the figure, the axes of both eyes are directed to the 
object F, where they both meet and concur. This concurrence of the 
optic axes, is the reaſon aſſigned by ſome, why an object ſeen with both 
eyes appears fingle ; it being impoſſible for us to conceive two objects 
exiſting in the ſame place, at the fame time. To this it may be an- 
ſwered, that the eyes ſee not the concurrence of theſe imaginary axes ; 
and tho' we can make ſome eſtimation of diſtances by ſight, yet it is 
ſcarce allowable that each eye can determine the diſtance of an object 
F fo preciſely, as the caſe before us requires. Whatever be the cauſe of 
it, we are aſſured of the fact, that when both eyes look at the ſame 
object, the mind ſees that object ſingle. And it is very certain, that in 
at leaſt abundance of caſes, the viſive faculty is aſſiſted by a kind of rea- 
ſoning, drawn from former experience, tho' perhaps unattended to at 
the time we uſe it. And whether the phænomenon before us, is owing 
to experience, or to ſome ſympathetic correſpondence in the parts of 
the cye, is a very difficult query. But whatever kind of reaſons are 
admitted, to ſhew why the point F appears not double, may be alſo 
eaſily enough admitted, to ſhew why the lateral points P, R appear 
likewiſe ſingle. 
59. 


pare, the ſituation in the midſt of the brain, con- This elegant account is an inſtance of the great 
Lituung the upper part of that ſmall paſſage ſagacity and penetration of its author, and very 
Wit ai! the ventricles, where all ſuperſluous hu- much ſtrengthens his hypotheus. Our author 
mours have the greateli advantage to ſlide away, proceeds next to ge his opinion, of the manner 
that they may not incumber taat precious or- that the inpreſious of light upon the retina, are 
San.“ communicated or carried to the brain, as in 
Nec“, Art. 27. 
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59. When the axes of both eyes aredirected to ſome determinate Point 
F, an object G within the optic angle, g. 8, or its oppoſite, fig. 9, will 
appear double; that is, inſtead of being ſeen at G, it will appear ſome. 
where in the lines -G, 5G; as at m and , either farther or nearer 
than its true place G, according as G is nearer or farther than the ho- 
ropter PR. And if either eye A or B be ſhut, while the other i; 
kept open, the object n or will accordingly vaniſh, and fo alter- 
nately. Whatever hypotheſis be admitted, for ſolving the phæno- 
menon of the ſingle appearance of an object F, to which both the eyes 
are directed, the fame will alſo ſerve to ſolve that of the double ap- 
pearance of G. The images ,s of the object G, are now made on con- 
trary ſides of the optic axes Aa, By ; and this does not ordinarily happen, 
but when there are really two objects, asu and u, on a different fide of the 
mark F. Thus, in fig. 8, the image 7 being to the right of the axis 
Aa, the mind judges the object to be to the left of that axis, as in the 
like caſe of ordinary viſion ; and for the ſame reaſon, the left eye ſees 
the object to the right of its axis. The ſame argument is alſo appli- 
cable to the caſe of fig. 9 ; and generally, as near as can be eſtimated, 
the apparent diſtances of ½ and u from F, in both caſes, are meaſured 
by the viſual angles FAG, FBG ; or the apparent diſtance mn, is as the 
ſum of theſe angles, or as the ſum of the arches ar, 56. A double ap- 
pearance may alto happen, when G is in one of the optic axes, or even 
without them both : In the one caſe, that eye in whoſe axis G is, will 


have but one image; and in the other, both the images v, will be to 


the ſame ſide of the axes Aa, Bb, but the arches ar, sb, will be unequal; 
and the apparent diſtance un will be as the difference of the viſual 
angles, or of the arches ar, 56. 


60. The double appearance of an object, does perhaps as frequently 
happen, as we ſee an object before us that we do not look at, or before 
we have directed our eyes properly towards it. But we are in no dan- 
ger of miſtaking one object for two, for the ſenſations we have when 
we ſee two objects, and ſce one double, are very different: In the one 
caſe, there are two images as p,7, fig. 7. formed upon each retina ; in the 
other, there is but one image in each eye, and theſe images being on parts 
of the retina's which do not correſpond, may be the cauſe of that pain- 
ful ſenſation we generally have, when we ſee an object double. The two 
falſe objects are always indiſtinct, have a kind of a tremulous motion, 
approach nearer together, retreat back, or advance forwards, as the 
Cate is; and at length, as ſoon as the eyes have conformed themſelves 
properly for ſecing the real object diſtinctly, the two falſe objects vaniſh 
or coaleſce into one, at that deterniined place where the real object is. 


61. 


0 
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61. Two ſimilar objects, not far aſunder, if they happen to be one Twochject, 
in each optic axis, may alſo appear as one object; and that for a like nnd? 
cauſe, that one object may appear double. But this phænomenon ſel- 
dom happens; and when it does, the miſtake is ſoon found, as in the 


caſe of an object ſeen double; and the eyes preſently adapt themſelves, 
to the proper diſtance of the two objects. 


62. When the eyes are directed to a determinate mark, as F, we Whv objeas 
generally regard only thoſe objects that are pretty near to F, or to the e ang 
plane of the horopter PR, and not thoſe that are remote from that plane. jc. 

And hence it is, that double appearances of objects do not more fre- 


quently happen. 


63. An object that is a little out of the plane PR, may yet appear an object 
ſingle: But the object will not be ſo diſtinct, as after the eyes have pro- may appear 
perly conformed themſelves to it; and till then, it will alſo bit its _ 
place by winking either eye, and looking at it with both; but after- horopter. 
wards, it will remain fixed to either eye alone, or to both open. 


64. By an inſpection of the figures, it is manifeſt enough, that a p;, 8, 9. 
larger ſegment of a round object can be ſeen with both eyes open, than wy; an aim 
with one eye alone: And the reaſon is likewiſe manifeſt, why when we mutt be taken 
would bring a third object into a ſtrait line with two given ones, as in _ * 
levelling, ſhooting, &c. we mult take our aim, or look by two of them 


with one eye only; and to prevent miſtakes, it is beſt to ſhut the other 
eye, as people in ſuch caſes generally do. 


65. Perſons that ſquint have not the axes of both eyes directed to of ſquintirg. 
the ſame object, and yet they fee objects ſingle. Squinting may pro- 
ceed from ſeveral cauſes : one may be, that the correſpondent fibres in 
the two retina's are differently ſituated, which makes it neceſſary to 
turn the eyes different ways, that the images of objects may be re- 
ceived upon the correſponding fibres in both: And this alſo accounts, 
why perſons having ſuch eyes, ſee objects ſingle. It is ſuppoſed, and 
that with great probability, that there is a ſmall part in the retina of each 
eye, which is more ſenſible than the reſt ; and that we naturally turn our 
eyes ſo, that the impreſſions of the light may be received upon this moſt 
ſenſible part: Thoſe who have this part awry, or to one ſide of the 
optic axes in one or both eyes, neceſſarily ſquint ; and yet ſuch Perſons 
ſee objects ſingle like other men, either becauſe they have learnt by 
experience, that ſuch is the natural direction of their eyes for looking 
at tne ſame object; or becauſe correſpondent fibres of the optic nerves, 
proceed to thoſe moſt ſenſible parts in both eyes. It is manifeſt, that 
quinting from either of theſe two cauſes, is neceſſary, and incurable. 
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Sometimes a cold in the head, a lowneſs of ſpirits, or long poreing 
with the eyes, will cauſe people to ſquint, that never do at other times. 
This is a fact I am well ſatisfied of; and the cauſe of it probably is, 
a kind of ſoreneſs or tenderneſs of the retina, which make the impreſ- 
ſions of light offenſive, or hurtful; to avoid which, the perſon ſo 
troubled turns his eyes about different ways, without being able to fix 
them attentively to any one object: that is, he avoids as much as he can 
ſeeing at all, and then he ſees but very obſcurely. This diſtemper 
vaniſhes with the cauſe, and may be remedied generally by uſing green 
ſpectacles with flat glaſſes, or ſome other contrivance, to leſſen the light 
coming to the eyes. This ſoreneſs may be a fixt diſtemper in one eye 
only, and then the perſon troubled with it, turns this eye awry, not for 
the ſake of ſeeing better with it, but to avoid ſeeing with it at all. 
People may acquire a habit of ſquinting, eſpecially children, when there 
is no defect in either of their eyes, by ufing themſelves to look at par- 
ticular objects with one eye only, till by degrees they acquire the habit 
of always turning obliquely the other eye. The beſt method of cure in 
this caſe, is for them to look at ſorne object ſtedfaſtly with the diſtorted 
eye, while the other is ſhut, then try to look at it with both eyes: And fo 
repeat theſe trials, till they can look with both eyes at objects in different 

ſitions. Fowlers can take their aim better with one eye, than the o- 
ther; and but few people can ſee equally well through a teleſcope with 
one eye as they can with the other: If they look with the eye they have 
not been accuſtomed to, they are obliged to ſhut the other, before they 
can ſee at all. This is entirely owing to practice, as one hand becomes 
more expert or dextrous than the other. 


66. Monſieur Abbe Marriate is the author of a curious experiment, 
by which he diſcovered, that there is a certain ſpace at the bottom of 
each eye, where the optic nerves enter, which is inſenſible of light. 
The experiment is to be made in this manner : Upon an obſcure wall, 
at about the height of the eye, faſten two round pieces of white paper ; 
or if the wall is of a bright colour, let the papers be dark ; the papers 
may be a foot or two, more or lets aſunder : Then placing your felt 
before one of the papers, ſhut the correſpondent eye, that is, if you 
ſtand before the left-hand paper, ſhut the left eye, and looking at this 
paper ſteadily with the right eye; if the other paper is viſible, move 
tlowly to or from the paper you look at, and at a certain ſtation the 
other paper will totally diſappear, tho' objects, that are more remote 
from the axis of the eye, are viſible at the fame time. Thus, if the 
left eye be ſhut, the obſerver muſt place himſelf ſo as to bring the left 
object F into the axis aA of his right eye; then moving to and fro in 
the line AF, at a certain ſtation the object P will diſappear, that is, when 


its image falls upon the optic nerve p. 
* | The 
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The paper looked at ſhould be ſmall, that the eye may be the more 
ſteadily fixed upon it ; the other may be two or three or more inches 
diameter, according as the papers are leſs or more aſunder. Or the 
experiment may be made with only one paper, and from any ſtation, 
by turning the axis of the open eye gradually towards the noſe. In 
this manner, I have loſt a ſegment of a ſteeple, whilſt I could ſee the 
top and bottom of it. 


This experiment, which ſucceeds univerſally, proves undoubtedly that 
there is a certain ſpace in the eye, which is inſenſible of the impreſſions 
of light; and this inſenſible ſpace being ſituated about the places where 
the optic nerves enter, it is very probable that it is ſituated at thoſe ve 
places ; or, that the optic nerves, or ſome part of the middle of them, 
at their entrance into the eyes, are inſenſible. 
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67. In order to form an eſtimate of the ſituation, and magnitude, Situation ard 


of the inſenſible ſpot in the eye, Mr. 
excellent performance of his reflecting Teleſcopes) and myſelf, made 
the following experiment, thus: Having fixed upon a light wainſcot, 
at a proper height, a dark-blue circular paper of three inches diame- 
ter, and another paper of the ſame colour of about + inch diameter, 
to the right ſide of the firſt, at the diſtance of 30 inches, reckoning 
trom their centers : At a medium of ſeveral obſervations, which agreed 
pretty near together, looking with the left eye on the ſmall paper, the 
other being ſhut, Mr. Short continued to loſe fight of the large paper, 
from the diſtance of 7 feet 8 inches, to the diſtance of 11 feet 2 inches, 
from the wainſcot ; and I loſt ſight of the ſame paper, from the diſtance 
of 9 feet 4 inches, to the diſtance of 11 feet 2 inches. The ſame 
om being placed 18 inches aſunder, Mr. Short loſt the biggeſt paper, 
rom the diſtance of 4. feet ꝙ inches, to 6 feet 5 inches: And being placed 
77 inch aſunder, he loſt the biggeſt at the diſtance of 2 feet 3 inches; 
but by the leaſt motion from this place, recovered part of it again, A 
paper of 4 inches diameter, was loſt by Mr. Short at the diſtance of 
3 tect from the wainſcot, and recovered again at the leaſt motion of 
the head from this place ; the diſtance between the centers of the pa- 
pers being 10 inches. The paper being placed one diameter higher or 
lower, was ſeen at all diſtances, which thews that the inſenſible ſpot 
in the eye is round. 


Short (well known for the magnitude of 


this inſenſible 
ſpace deter- 
mined, 


Taking a medium of the ſeveral obſervations ; the C avp contained Fig. 10. 


between the optic ax1s, and a line patiing through the focal center of 
the eye, to the center of the inſenſible ſpot, is in Mr. SH s eye about 
: 57 deg. and in mine about 134 deg. The greateſt ſpace that can be 
wit by Mr. Short, ſubtends an angle of about 6 dg. or the diameter of 
the greateſt circle that can be loſt by him, is ſomewhat greater than 


2 the 
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the Y part of its diſtance from his eye. The greateſt angle I can loſe 
does not exceed 4 deg, If we ſuppoſe the diſtance vp in each eye to 
be 64 tenths; the diameter of the inſenſible + hole will be, in Mr. 
Short's eye about 0.68 rfenths, and in mine about o. 45 tenths. 


Why we are. 68. In looking with one eye, at a large object of an uniform co- 
not 6:dinzrity lour and ſurface, we are not ſenſible of this defect, or of the loſs of one 
ſenvole v5 part: The reaſon may be, becauſe objects near the place where the de- 
eves fect of viſion happens, being remote from the optic axes, are but ob- 
| ſcurely ſeen ; and fo, a particular part is not miſſed, till it becomes a 
remarkable object, by its being, as it were, detached from the reſt by a 
diſtinct figure and a different colour: Nor in viewing objects of uniform 
ſurfaces and of like colours, do we uſually attend to their parts, but 
take the whole figure in the lump. To theſe reaſons may be added, 
that we ſeldom fix our eyes long to one point, but we nimbly, and in- 


ſenſibly, turn them towards different parts. 


An obje&t 69. It is manifeſt, that an object cannot be loſt to both eyes, at the 
cannot be loſt ſame time; for when the image of an object falls upon the optic nerve 
to boh &Y3 in one eye, it will fall at ſome diſtance from it, in the other. See fig. 7. 


at Once. 

Objes ap- 70. An object ſeen with both eyes appears a little brighter, or more 

pear a little luminous, than it does when ſeen with one eye alone; as will be evi— 

brighter hen dent, by looking alternately with both eyes, and with one only: And 

ſeen wit ; X . R : : 

tees the difference of brightneſs will be ſtill more manifeſt, if at the ſame 

than with time that a part of a flat object, of an uniform colour, is ſeen with both 

Yor? eyes, the light from the adjacent part is excluded from one of them; 
which may be done by applying a book to one fide of the head, and 
ſo as it may reach a little forwarder than the face. But although the 
difference of brightneſs, in the two caſes, is very perceptible, yet is it 
not very conſiderable ; nor is it eaſy to determine it accurately. Dr. 
Furin|| has given a pretty method of making this experiment, thus: 
In a room illuminated only with two candles, placed at about the 
ſame height, and kept burning as near as may be with equal brightneſs, 
fix a ſlip of white paper flat againſt the wainſcot, at about the ſame 
height with the flame of the candles, as they ſtand upon the tables: 
Having placed one of the candles at a determinate diſtance from the 
paper, as a yard; place the other at a greater diſtance, as ſuppoſe two 
yards, and a little ſide-ways of the firſt ; then place a book, or ſome 


ſcreen, ſo before this hindermoſt candle, as to prevent its light from 


failing 


+ M. Marriote, from the bigneſs of this hole, being the organs of all our other ſenſations, 


thinks that viſion is periormed in the choroides, makes againſt him. But after all, this queſtion 
and not in the retina ; and gives ſeveral inge- ſeems too difficult, to be determined with cer: 
nious arguments to ſupport his hypotheſis : But tainty. 

herein he has hed but few followers, and the ar- || Dr. Smith's Optics, Remarks p. 108. 
gument drawn from the obſervation of the nerves 
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falling upon one half of the paper. In this caſe the light of the firſt 
candle being reckoned 1, the light of the ſecond candle, which is at twice 
the diſtance from the paper, will be only 4; and therefore the light 
upon that half of the paper which is illuminated by both candles, is 
to the light of the other half illuminated by one alone, as 5 to 4. 
Things being thus diſpoſed, apply a book to one ſide of the head, ſo 
as to hide that half of the paper, which is illuminated by both candles, 
from one eye; and looking at the paper, if both halves of it appear 
equally luminous; the degree of brightneſs of an object ſcen with both 
eyes, and with one eye alone, will be as 5 to 4. But if, as will be the 
caſe to moſt people, the half illuminated by both candles appears 
brighter, than the other half of the paper; remove the ſecond candle 
ſtill farther and farther, till by repeating the experiment, the ſcreen 
being placed before the ſecond candle, and to one of your temples, as 
before directed, the two halves of the paper appear equally luminous: 
Then compute as before; as if the ſecond candle is diſtant three yards, 
and the firſt one yard, the light of the brighteſt half of the paper will 
be to the light of the other, as 15 to 1, or as 10 to 9; and that will 
be the proportion of the brightneſs of an object ſeen with both eyes, to 
its brightneſs when ſeen only with one. 


71. The ingenious author above quoted, found that an object ſeen 
with both his eyes, appeared brighter than when ſeen with one eye alone, 
by about a thirteenth part. By this experiment I find, that my eyes 
are not both equally good, for the difference will be greater or leſs as 
| exclude the light from one or t'other eye. But at a medium, I gueſs 
the difference above to be about , or , it being very difficult to 


R 


make the experiment to great exactneſs. 


72. In viſion with both eyes, and with one eye alone, the apparent Objects 2 
magnitudes of objects are, as near as can be perceived, the fame in fene U ane? 
doth caſes. Of the truth of this any one may eaſily ſatisfy himſelf, to 4/4, aa 
either by looking alternately at the fame object with both eyes, and _ 0 one 
with one only; or clapping a book to his temple, as in the preceding = 
experiment, and looking at two or three parallel lines, placed fo before 

him as to be equidiſtant from both his eyes; if the lines appear ſtrait 
throughout, it is a proof that the ſpace between them, appears of equal 


breadth to both eyes, and to one alone. 


73. It may be wonder'd, that there ſhould be ſo little difference be- Advantage os 
twixt viſion with both eyes, and with one only. Perhaps we beſtow a both eyes. 
greater attention in one caſe, than what ſuffices in the other; and 
that this may be the reaſon, of the ſo little a:Ference in the apparent 
brightneſs : And the idea of the diſtance of the object, being previouſly 

fixed 
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Field of 


viſion. 


Its extent. 
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fixed in the mind, looking at it with one eye, or with both, does not, 
it ſeems, alter this idea; which may be the reaſon, of the apparent mag- 
nitude being the ſame in both caſes. Theſe are only conjectures, 
however, the fact is rather advantageous to us, than otherwiſe ; that 
if one eye be hurt or loſt, the other may, as it were, perform the office 
of both, with very little diſadvantage. 


74. Defin. That conical ſpace indefinitely extended before us, and 
ſpreading ſo wide, as to include all objects as can be ſeen at one 
view, or without turning the eyes, is called the Field of viſion. 


7 1 It is not eaſy to aſcertain the preciſe limits of the field of viſion, 
or the greateſt angle that can be ſeen at one view. When we look 
attentively at a ſmall diſtance before us, we have an imperfect glimpſe 
of objects for almoſt the ſpace of half a ſphere, or at leaſt for above 
60 degrees each way from the optic axes. But towards the extremity of 
this ſpace, objects are ſeen but very imperfectly ; and they are gradually 
diſtincter, the nearer they are to the point we look at. About this 
point there is ſome ſmall ſpace, that ſeems at the ſame time equally 
diſtinct ; but to aſcertain exactly the quantity of this ſpace is difficult, 
becauſe the indiſtinctneſs round it, is ſo very gradual : And this diff- 
culty is increaſed by that of keeping our eyes fixed for any time, on the 
ſame object; we are apt to move them nimbly, even when we are not 
conſcious of ſo doing, over the circumjacent objects, and the impreſ- 
ſions upon the retina®, having ſome duration, we thence imagine the 
field of diſtinct viſion to be much larger than it is. But, I think, 
the diameter of this field does not ſubtend an angle of above five de- 
grees at moſt ; whence the diameter of a diſtinct image upon the re- 
tina, is leſs than . o6 of an inch. A ſmall object, as a ſtar ſeen by 
twilight, is loſt by a ſmall motion of the eye from it; and if we look 
attentively upon a letter in the middle of a word, conſiſting of capitals 
of a middling ſize, the adjacent letters on either ſide will be ſome- 


what indiſtinct, Theſe are proofs that the field of diſtin& viſion 1s 


very ſmall, and probably it does not exceed one degree, or two degrees 
at the moſt. The limitation of this field may be owing to the retina's 
being more ſenfible near the optic axes; or, becauſe the points of union 
of the rays of the oblique pencils fall ſhort of the retina ; or both 
theſe cauſes may conſpire together. 


76. To me there is no ſenfible difference in the bigneſs of the field of 
diſtinct viſion, when I look with either eye alone, and when I look 


with both togethcr ; only the field is a little brighter in one caſe than 
in the other. | 
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| dark, objects are perceivable by ſmall quantities of light; and the Rot 
| darker is the medium, or the freer the eye is from extraneous light, the 
| leſs light ſuffices for viſion. Thus, in a dark night, the feeble light of 
| a candle is perceptible at a great diſtance ; and the fixed ſtars, though 
| they have no ſenſible diameters, are yet very viſible ; and the darker the 
| night, the more of them are ſeen : The eye being now free from other 
| impreflions, the mind perceives, and attends to, theſe delicate ones of 
| thoſe very ſlender pencils. But even in this caſe, a certain quantity of 
ght is requiſite for viſion, without which objects cannot be diſcerned, 
The impreſſions of light from the Satellites of Jupiter and Saturn, are 
too feeble to be perceived without the aſſiſtance of teleſcopes, although 
| then theſe Satellites have ſenſible diameters ; and a ſmall flame will not 
viſible beyond a certain limited diſtance. 
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SE VT 1 0-0-0; 
Of the minimum viſibile; diftinet and indiſtinct 
viſion z of long and ſhort-ſighted eyes, and 
of ſpectacles ; of apparent diſtances, and mag- 


atudes. 
5. 1. Of zhe extent or limits of viſion. 


S in a dark chamber, a very flender beam of light is percep- Luminous 
tible, ſo in all caſes, when the medium about us is very objects by 


PE 


78. At the approach of day, and as the twilight increaſes, the eye Stars, why in- 


begins to be enlightened by the reflection of the atmoſphere, and then viſblebyday- 
| gradually more and more; ſo the ſtars grow fainter, and diſappear by _ 
degrees; firſt the ſmaller ones, and fo on. As the day advances, the 
moon herſelf loſes of her luſtre, and at length her light is overpowered 

| by that reflected from the clouds, and ſhe is no longer ſeen. Thus, 

| weaker impreſſions upon the retina, are obliterated and rendered inſen- 
ble, by thoſe that are much ſtronger ; and this is an eaſy explication 

of the above phænomena, and of others of the like kind. Very ſmall 

| Particles are ſeen floating in a beam of light let in to a darkned room; 

but as ſoon as the room is enlightened, theſe particles diſappear. A 

man in a darkiſh room eaſily ſees thoſe that are in broad day-light, 
but cannot be ſeen by them; the light reflected out from the room, 


compared to the open day-light, being inſenſible. 


79. 
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Objects diſ. 79. The light of the ambient medium, conſtantly intrudes into the 
. A. 151 eye, along with the pencils of light proceeding from bodies, having 
tics of colour ſenſible magnitudes ; but ſuch bodies, it they are not too far off, are 
andiplendour. nevertheleſs very perceptible, as well by their different colour and {plen- 
dour, or by the different degrees and fort of light reflected by them; 
and alſo by their intercepting the light of the ambient medium. A 
ſhade becomes an object, or objects are perceivable by their want of 
light, as a hote in a board, or a dark ſpot on a light body, are per- 
ceived by the unenlightened chaſm in the eye, within the illuminated 
field; and the figure and magnitude of the hole or ſpot, are diſtinguiſhed 
by thoſe of the ſaid chaſm. So a ſteeple afar off is diſtinguiſhed by 


its covering a part of the ſky, of ſuch a figure and apparent magnitude. 


— 


— 


; Opacity of 80. It is manifeſt from many obſervations, that there are heteroge- 
| * amo neous particles conſtantly floating in the atmoſphere, and that theſe by 
phere, a 


pn: their opacity and reflexibility, make a kind of veil that obſcures the 
diſtinetneſs viſion of remote objects: And the more the medium is loaded with 
_— . theſe particles, and the more remote an object is from the ſpetator, 
objects. the more indiſtinct and obſcure it will be, and the leſs will be the lati- 
tude of viſion, or that diſtance beyond which no objects can be per- 
ceived. Every one knows that objects at a given diſtance, are more 
diſtin&, and others are viſible at a greater diſtance, in clear than in 
foggy weather. And early in a clear morning, when the air is pretty 
free from vapours, and not much enlightened, a hill or head-land is 
viſible at a great diſtance, but as the day advances, the land becomes 
more obſcure ; and ſo by degrees, by the greater opacity of the long tra 
of vapour between, and the greater light reflected by it to the eye, the 


object becomes leis and leſs perceptible, and at length totally di- 
appears. 


Anette eagle 81. Another cauſe of the inviſibility of objects, and to remove which 
that limits the 


mnt of vi. Optical inſtruments are more properly adapted, is their ſmallneh 
ſon. in proportion to their diſtances, For, excepting in the caſes of lu- 
minous objects ſeen in the dark, an image upon the retina, to become 
perceptible, muſt not be leſs than ſome determinate magnitude. To 
prove this, we do not want for inſtances: A houſe may be ſeen at 1 
conſiderable diſtance ; but we muſt approach nearer, before the wit- 
dows are diſcernible ; and nearer ſtill, to diſcern the bricks and tiles 
At a certain diſtance, I ſee a white paper ſtuck to the wall ; coming 


nearer, I perceive it is printed; at a nearer appproach, I can read the large 
letters; and at length the ſmalleſt letters are legible. 


Tie wht 82. The quantity of the minimum viſibile, or the angle ſubtended \) 
mum chile. the leaſt viſible object, cannot very preciſely be aſcertained ; but in orde 
to form ſore eſtimate thereof, I made the following experiment. 


parallclogran 


* — — * * 5 
- „ = IG 
I. - . 


e 
f 
if 
{ 
2 
1 
q 


* hH— 
et 


PERL: | OF OPTICS. 121 


parallelogram one inch long and half an inch broad, drawn upon clean 
white paper, I divided into little ſquares, whoſe ſides were each of an 
inch; then blacked every other {quare, very black, with ink. This chequer'd 
paper being ſtuck to the wainſcot, I retreated a good diſtance from it, 
and then advancing ſlowly, I began to diſcern ſome imperfect ſpecks 
of black and white, at the diſtance of 2 5 feet; and therefore from this 
place, the ſides of each ſquare ſubtended an angle of 1 9“ nearly. 
But the ſquares were not defined and perfect, till I came within 7 feet of 


7 the paper; and therefore I could not ſee them diſtinctly, till they each 
q . 1 formed angles of 4 5. I placed by the firſt another white paper, which 
1 was divided into ſquares of the ſame dimenſions, as above; and the al- 


ternate ſquares, inſtead of being very black, were only tinged lightly | 
with Indian ink: The different colours of the ſquares upon this paper, 


TOge- were not perceivable at a greater diſtance than 16 feet ; but at the diſ- 1 
le by tance of 7 feet, they were as well defined, as in the former paper. 
wy Upon the ſame paper, was drawn a black ſquare by it ſelf; a white 

1 


ſquare within a black circle; a ſquare, and a circle, with Indian ink; 


each the S inch as before: Alſo a black ring and parallelogram, each of 
the ſame breadth as above. 


The white ſquare within the black field, and the black ſquare, were 
each-perceivable as ſome white and black ſpeck, at the diſtance of 40 
teet ; but were not well defined, till I came within 7 or 8 feet. The 
iquare ſhaded with Indian ink, and the white one within the circle | 
ſhaded with that ink, could not be perceived at a nearer diſtance than 1 
25 feet; but were well defined at the ſame diſtance with the reſt. 


1g trac The black ring and llel Id 
* | parallelogram, could be perceived at a greater 
ly 2 diſtance than I had room to retreat, which was 51 feet: But a paral- f 


lelogram of the ſame breadth, lightly ſhaded with Indian ink, became | [ 
mviſible at the diſtance of 40 feet. The papers were placed in an ad- 


2 which vantageous light, and the experiments ſucceeded, much the ſame, to 


. other ſpectators. 
SY 83. Hence it appears, that a ſimple object, as the white or black a fimple ob- 
5 To (quare upon the oppoſite colour, can be ſeen under a leſs angle than ject i: per 


the parts of a compound object, as the chequered paper; and that this eye” apr ; 

leaſt angle, in moſt caſes cannot be leſs than 40 ; and at a medium, than the parts 

| think, it is not leſs than 2 minutes. But by the above experiment, it * Jun. a 
: 4 - » Pound one. ö 

appears that ſeveral contiguous objects, are ſcarce diſcernible one from an- 

other, unleſs they each ſubtend angles that are not leſs than about 4 mi- 

nutes, The difficulty of keeping the eye perfectly ſteady, may be one 

cauſe why a ſimple object can be diſcerned under à leſs angle, than the 

parts of a greater one; and it is very natural to ſuppoſe, that the fewer 

objects we contemplate, and the more they differ in colour, the eaſier 
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we can diſtinguiſh their ſeveral impreſſions upon the retina. But there 
is no aſcertaining exactly, the leaſt angle under which an object can be 
ſeen; for the ſame object ſhall be viſible at a leſs or greater diſtance, as 
the circumſtance of light is different. 


84. Some have imagined, that the impreſſions of viſible objects, are 
received upon villi of the optic nerve, ſtanding erect upon the retina, 
like the pile upon cloth or velvet; and that the m7 mum vi/ibile is de- 
termined by the angles ſubtended by theſe villi, at the focal center of 
the eye. There is no difficulty, in ſuppoſing the retina to be covered 
with ſenſible vrlli, having inſenſible pores between them: But from 
the above argument, it would ſeem, that the uinimum viſibile ſhould be 
the fame in all cafes, which is contrary to experience. But, however 
the retina is conttituted, it is manifeſt that the cauſe of the non-viſi- 
bility of objects, is the want of ſufficient light in the pencils proceed- 
ing from them; and that more or leſs light is requiſite for viſion, ac- 
cording as the eye is more or leſs illuminated. 


8 5. Upon a white paper, I drew black lines or parallelograms of diffe- 
rent lengths, and each ;* inch broad; and the paper was paſted to the 
wainſcot, ſo that ſome of the lines were vertical, and ſome horizontal. The 
longer lines were viſible at the diſtance of 50 feet: A line + inch long was 
juſt perceptible, at the diſtance of 45 feet; and one of half that length, 
was viſible at no greater diſtance than about 20 feet. I was not ſure 
of any difference, in the appearance of the vertical and horizontal lines, 
of the ſame length ; but was inclined to think, that the vertical lines 
were the diſtincteſt. Two parallel black lines, with a white line be- 
tween them, each the 2 eb broad, did not appear ſeparate at a greater 
diſtance than 20 feet. In like manner, a piece of fine thread or wire 
is viſible at ſuch a diſtance, that a globulous object of the ſame diameter 
is totally inviſible. 


A flender object, as a phyſical line, may be conſidered as conſiſting 
of ſeveral ſquares joined together; and though one of tneſe ſquares, or 
a parallelogram conſiſting of two or more of them, may be too ſmall 
to be ſeen; yet the pencils of light coming from each of them, being 
contiguous and ſtriking at the ſame time upon the retina, are capable 
by their united ſtrength to awaken the viſive faculty, and ſo to render 
viſible the object from whence they came; juſt as in mechanics, the 
united force of many agents will have its effect, when the effort of a 
tew can avail nothing. And from what experiments I have made, I 
am inclined to think, that the areas of the leaſt viſible objects are pretty 
much the fame, though they differ in figure, all other circumſtances 

a being 
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being the ſame alſo ; that is, the area of the leaſt viſible line, whoſe 
length does not extend without the field of diſtinct viſion, is near] 
equal to the area of the leaſt viſible ſquare or circle; and indeed this 
ſeems natural enough to be imagined. The phznomenon of the two 
black lines, with the white line between them, is analogous to that of 
the chequered table betore explained. 


86. Schol. The ſhadows of ſmall bodies, as hairs, wires, threads, or 
ſcratches in poliſhed glaſs, Zc. placed in a beam of the ſun's light, 
will be much broader than they ought to be, if the rays of light paſſed 
by theſe bodies in right lines: And a beam of light, let through a ſmall 
lit not above the +3 of an inch broad, will be ſplit into two, fo as 
to have a dark ſpace or ſhadow in the middle. The cauſe of both 
theſe phænomena is, undoubtedly, an inflection of light out of its rectili- 
neal courſe, at or near the ſides of bodies, in its paſſage by them “. 
Sir JJaac Newton hath alſo ſhewed, that light which differs in refrangi- 
bility, differs likewiſe in flexibility. 
It has been obſerved, that ſmall wires or threads, placed on or before 
white paper, or ſuſpended in the air in certain ſituations with reſpect 
to the light, will be viſible under very ſmall angles, as only 2 or 3 
ſeconds : But in theſe caſes, is not the light in paſſing by the ſides of 
the wire, inflected ſo as to paint upon the retina, the images of theſe 
ſides much wider aſunder, than according to the angle which the wire 
ſubtends at the eye? And ſo an image is formed in the eye, equal to 
that of a minimum viſibile in other caſes; or an image that ſubtends, at 
| the focal center of the eye, an angle not leſs than a minute: and if ſo, 
then in the preſent enquiry, theſe extraordinary inſtances are not to be 
regarded. 
| 87, A ſmall object in motion is eaſier diſcerned, than if at reſt; and à (wat ob- 
may be viſible in the one caſe, though it would not be fo in the other. jc&,the eaſier 
A ſmall ſtar by day or twilight, that cannot be eafily ſeen through a _ 
| teleſcope directed to it, will be the ſooner perceived, if the teleſcope tion. 


| be a little ſhaked or moved ; but after it is once diſcovered, it will 
continue very perceptible. 


| The reaſon of this phænomenon, ſeems to be much the ſame, with 
that of the viſibility of a long ſlender object. The image of the ſtar 
upon the retina, although too feeble to be perceived, while the eye is 
| At reſt, and the point where it falls is not yet diſcovered ; yet by its 
| &radual motion over different parts, and the impreſſion upon each hav- 
| ng 'ſome duration; theſe ſeveral impreſſions being all joined together, 35. II. 
| before the firſt is obliterated, they form a kind of a linear image, 


R 2 which | 


See Nexwton's Optics, Book III, Part I. 
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Extraordinary. 88, There are great differences to be obſerved, in the degrees of quick. 


quickneis of 


{ome exes. 


Neareſt diſ- 
tance of diſ- 
tinct viſion 


Smalleft viſi- 
dle object. 
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which being once perceived, we quickly diſcover the ſtar; and havin 
now found its true place, we afterwards keep ſight of it with eaſe. 
In like manner, a ſmall hair ſhaked by the air, is viſible at a greater 
diſtance, than the hair at reſt could be ſeen. 


neſs, or ſenſibility, of the eyes of different people ; ſome having them more 
acute, and others leſs ſenſible than common. We have heard of per. 
ſons ſeeing a ſatellite of Jupiter, without the aid of glaſſes, which to 
many ſeems incredible. But when we conſider, how much the various 
circumſtances of light affect viſion, and how much farther our viſion is 
extended at ſome favourable opportunities, than it is at other times; 
the extraordinary accounts above, may the eaſter gain belief, 


89. If an object be held too cloſe to the eye, it becomes indiftin ; 
and the more fo, the cloſer it is held, notwithſtanding its apparent mag- 
nitude is thereby increaſed ; and a very ſlender object will become to- 
tally inviſible. To the generality of eyes, the neareſt diſtance of dil. 
tinct viſion is about 7 or 8 inches: At this diſtance, they commonly 
read a ſmall print, and examine all forts of minute objects, as the di- 
viſions upon a plotting ſcale, the fineneſs of the threads of linnen, &. 
It is true that ſome eyes can ſee ſmall objects beſt, at the diſtance of 
ſix, four, or even three inches; and ſome again, at no leſs diſtance than 


twelve, fifteen, or twenty inches : But theſe are uncommon caſes, and 
do not affect our preſent enquiry. 


go. Hence, and from Art. 83, a globular object that is leſs than 
9 inch in diameter, is, to the generality of eyes, totally inviſible : And 
excepting in few caſes, an object cannot be ſeen that is leſs than 273 
inch in diameter; an object of that breadth ſubtending an angle of 
min. at the diſtance of 8 inches from the eye. But an object, placed 
on a field differing inſenſibly from it in colour, is not perceivable under 
a leſs angle than about 4 n. and in ſuch circumſtance the ſmalleit 
viſible object, is not leſs than about ++ inch in diameter. At a medium. 
the breadth of the leaſt globular object that is diſcernible by the naked 
eye, is perhaps about the +3 of an inch. 


ToT 

91. Thus, we ſce naked viſion is limited within certain boundarts, 
and that by various cauſes. Remote objects become invilible, as houſes 
trees, cattle, ©c. becauſe of their ſmallneſs, in. proportion to their di- 
tances; and others, tho' they ſubtend angles ſufficiently big, as mou!” 
tains, &c. are viſible or inviſible by turns, as the circumſtances of light 
vary. Very minute objects, again are never viſible to the naked. eye. 


becauſe we cannot approach them ſufficiently near, to increaſe tb i 
magnitudes. 
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8. 2. Of diſtinet and indiſtinct viſion. 


92. Defin. An object is faid to be bright or clear, when the eye re- gyjeas when 
ceives from it a ſufficient number of rays ; and ob/cure or dark, when bright and 
it receives too few, or when the light is faint and weak. And an ob- OC 
ject is ſaid to be diſtinf, or ſeen diſtinctly, when its out-lines appear diſtinct. 
clear and well defined; and the figures, ſizes, and colours, of its ſeveral 
parts, if not too ſmall, are plainly diſtinguiſhable, ſo as they may be 
eaſily compared one with another. It has been already obſerved, that 
in order to obtain diſtinct viſion, it is requiſite that the object be ſuf- 
ficiently bright, or have a diſtinguiſhable colour; and that the ſeveral 
pencils on their falling on the retina, ſhould be ſeparate, and not mixed 
one with another: And when this is not the caſe, th. out-lines of the 
object, and likewiſe its parts, will appear faint, hazy,” and ill-defined ; 
and this is. called 7nd:/tinf, or confuſed viſion. - Juſt as in the common 
camera obſcura, the pictures of the objects without, will be more or leſs 
diſtinct, as the objects are more or leſs illuminated; and as the paper- 
ſcreen is nearer to, or farther from the focus's of the reſpective pen- 
cils: So in a duſkiſh light, the letters of a book will be confuſed and 
not legible; and in a clear light they will be alſo confuſed, if the book 
be held too near the eyes. 


93. From the above general obſervations, it appears, that in order Chief requi- 
to have diſtinct viſion, the following are the chief requiſites: fites for diſ- - 
1. The objects ſhould be ſufficiently illuminated : And all other things * 
being the ſame, the nearer is an object, and the brighter is its colour, the 
more light the eye receives from it; and this is one cauſe, why near 
objects, are ſeen more diſtinctly, than thoſe that are remote. 
2. The geometrical images of objects, ſhould either fall upon the 
retina, or very near it: And theſe images ſhould be ſufficiently large. 
parts of the object cannot be diſtinctly perceived; and 
this is another cauſe of the indiſtinctneſs of 1emote objects. 
3. A good conſtitution of the eye is a requiſite, without Which the 
others, will have lefs effect; the mere tranſparent are the cornea, and the 
humours of the eye, the more light will be tranfmitted upon the re- 
tna, and the more lively will the impreſſions there be; and the more 
t nder and found is the retina, and alſo the whole optic nerve from 
t:ence to the brain, the- more diſtinct will the impreſſions of light 
from objects be perceived. 
When all the above requiſites confpire together, viſion is the moſt 
diſtinct; and it will be the leſs ſo, as one or more of theſe is lef: 
reriect, 
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94. In a given eye, and a given diſpoſition of that eye, an image 
upon the retina will be molt perfect, when the object is at ſome deter- 
minate diſtance from the eve ; and it 1s at about that diſtance there. 
fore, that objects, if they are not too ſmall or obſcure, will be ſeen 
molt diſtinctly: An object at a leſſer, or a much greater diſtance than 
this, will have its image accordingly either behind, or before the retina . 
and in both caſes, if the diſtances of the images from the retina be 
contiderable, viſion will be indiſtinct. See fig. 12, 13, 14. in which g 
is ſuppoſed the focus of rays, diverging from a point Q, after their re- 
fraction by the humours of the eye. 


Pittinet vi" gg. The chief requiſites for diſtinct viſion, have been already *confider- 
hon,when ed: But in order thereto, it is not neceſſary that the images of object, 
— agen or the points of union of the rays in the ſeveral pencils, be preciſely 
the retina. upon the retina ; there being ſome ſmall latitude both before and be- 
30 & 93. hind the retina, within which, wherever the images are formed, viſion 
FH. will be equally diſtinct; and this latitude will be greater or leſs, ac- 
cording as the viſual angles ſubtended by the reſpective objects, are 
greater or leſs. Let a printed page, in which there are letters of three 
or four different ſizes, be placed at ſuch a diſtance, that every ſort of 
print may, without any ſtraining or effort of the eye, appear perfectly 
diſtin& : In this caſe it may reaſonably be preſumed, that the images 
of the ſeveral letters do fall upon the retina : If the printed leaf be 
brought gradually nigher and nigher, the ſmalleſt print will firſt begin 
to be confuſed, whilſt all the larger ſort are yet as diſtinct as before; 
and by advancing nearer, the ſmalleſt print will be more confuſed, the 
next ſize above that will be a little confuſed, whilſt the larger print is 
ſtill as legible as at firſt ; and ſo through ſeveral degrees, till at length the 
whole is in confuſion. The experiment may be made the contrary way, 
by uſing a pair of ſpectacles of a proper convexity : Thus, firſt place 
the paper at ſuch a diſtance, that all the ſeveral forts of print, may 
appear as diſtinct as poſſible ; then moving the paper farther and farther, 
the ſmaller prints will, as before, one after another, according to the 
ſeveral ſizes, become confuſed, whilſt the larger ſtill preſerve their diſ- 
tinctneſs. By the two forts of experiments, it is manifeſt, that we may 
have diſtinct viſion when the focus's of the pencils are at ſome diſtance, 
either beyond or before the retina ; and alſo that the larger the object, 
the greater will be the latitude the image has to move from the re- 
tina, before we can be ſenſible of any indiſtinctneſs *, 


90. 


It has been thought by others, that a pre- obſervations, which, ſeem to be deciſive, and to 
ciſe union of the reſpective rays upon the re- ſet this affair above all doubt, is Dr. Zur”, in 
tina, is not neceſſiry to diſtin& viſion; but, I Eſay already quoted. 
think, the firſt author that publiſhed the above 
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96. Let BAC be an object, whoſe image after refraction by the hu- Fig. 11. 
mours of the eye, is bac : Now if the image bac coincides with the 
retina, the object BAC mult needs appear as diſtinct as it is poſſible; 
and ſo muſt alſo all objects that are at the ſame diſtance, if they are 
ſufficiently bright ; the image of every phyſical point, being alſo a 
phyſical point upon the retina. But if fg or h be the retina, that 
is, if the diſtance of the object and the conſtitution of the eye be 
ſuch, that the image falls beyond the retina, as when objects are too 
near; or before the retina, as when the rays have not a ſufficient 
divergency; in either caſe, the rays of each pencil will occupy a 
circular ſpace upon the retina, This circle may be called the circle cue of ab. 
of aberration ; and all other circumſtances being alike, the ſaid circle eration. 
will be greater or leſs, according to the greater or leſſer diſtances from 
the retina, of the focus's of the refracted rays 


97. From Art. gs, it is manifeſt, that a circle of aberration cauſes no 1 in 
perceptible difference in the diſtinctneſs of viſion, while that circle is don, tat im- 
not greater than ſome determinate magnitude; but as ſoon as it exceeds pedes not the 

. . . 33 7 . diſtinctneſs of 
that magnitude, we begin to perceive an indiſtinctneſs, which increaſes vigon. 
as the circle of aberration increaſes, and at length the object is loſt in 
confuſion, The greateſt circle of aberration, that cauſes no percep- 


tible indiſtinctneſs, is alſo greater or leſs, according to the greater or 


leis magnitude of the viſible object: It is difficult perhaps, to aſſign the 
diameter of the ſaid circle; but it ſeems very probable, that viſion con- 
| tinues diſtin for all ſuch diſtances, or ſo long, as the circles of aber- 


rations of the leaſt viſible objects, or the pencils of light from them, 


do not touch one another upon the retina ; and that indiſtinctneſs be- 


gins, when the ſaid circles begin to interfere. By the leaſt viſible ob- 


| ject here, is meant the leaſt object we regard at the time, and not the 
| leaſt object that we are capable of perceiving. To a perſon that reads, 
| the thickneſs of a letter is properly then his mn wn vi/ibile ; and fo long 
as the pencils of light from the ſeveral letters are not mixed upon the re- 


tina, ſo long he reads with eaſe, and the letters appear diſtinct. The 
larger are the leaſt viſible objects, the larger will be the circles of aberra- 
tion before they touch; and hence it is, that a larger print is legible at a 
nearer diſtance, than a ſmaller. 


Let the viſual angle of the leaſt viſible part of an object, be equal Pig. 11. 
to the angle AEC, and let bac be the retina : Now, upon the above 
ſuppoſition, the object will continue diſtinct at all ſuch diſtances, as its 
image will fall between Y and /g; for between Y and fg the pencils 
of light proceeding from the points A, C do not touch one another. 
lf the focus's of the pencils are farther from the retina than Y or fg, 
the object will be indiſtinct, and the indiſtinctneſs will be the 88 
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according to the greater diſtance from the retina of the ſaid focus's 
If the leaſt viſual angle be much leſs, as the caſe generally is, than the 
angle AEC, as the + or the 4, Sc. of AEC; then will the limited dit. 
tance of a diſtinct image, be accordingly the + or the 4, Sc. of the dif. 
tance between Y and fg. 
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98. Hence we have the reaſon, why a ſingle object ſhall be viſible at 


ſuch a diſtance, that the parts of another object, each as big as the ſingle | 
object, ſhall be in confuſion ; as the caſe of the ſingle ſquare, and che- 0 
quer'd table, Art. 82. 5 
99. Perhaps the humours of the eye cannot, in any caſe, perfect y 
unite, into a point, all the rays in one pencil; but that there will al- b 
ways be ſome aberration from the focus, as in the caſe of glaſs lenſes: a 
If this be the caſe, it may be a reaſon why the minimum vi/ibile is limited l: 
to a particular angle ; and there will be no need of ſuppoſing the retina it 
to be covered with v:/; of a certain ſize, but the whole ſurface of i u 
may be equally ſenſible. d 
100. But whatever it is that limits the inimum viſibile, it ſeems very it 
robable, as has been before obſerved, that in all caſes viſion will be d 
- diſtinct, ſo long as the circles of aberrations upon the retina, are not li 
greater than the geometrical image of the ini mum vifibile : And it is W 
alſo very probable, that in all ſuch caſes, viſion is equally diſtin ; for je 
within the above limits, the pencils of light from the leaſt viſible part on 
of the object, are ſeparate one from another; and the quantities of light 5 
received upon the retina, are alſo the ſame. The principal, and may de 
be the only, perceptible difference here will be, that the nearer the yy 
geometrical image is to the retina, the ſmaller will be the mnimun th 
vi/ibile, or the angle ſubtended by the leaſt viſible object. 25 
101. It is difficult to aſcertain 2 the natural diſtance of dil- 
tinct viſion ; or that diſtance, at which the eye when in a ſtate of reſt, ly 
without any ſtraining or effort of any of its parts, is ſuited to ſee ob- cor 
jects diſtinctly, If we ſuppoſe this diſtance to be that, at which we loo 
uſually read a fair large print; this to the generality of eyes will be ph 
about 15 or 16 inches: And leſs than that, I think, it cannot be; for W hay 
we are rather more concerned, with objects that are bigger than the out 
letters of a book, than we are with thoſe that are leſs; and when ve aſt 
view objects nearer, it is on account of their ſmallneſs, that they may OW! 
ſubtend larger angles: Nor is it probable, that the ſaid diſtance is many oth 
feet; for we chuſe to view objects pretty near, excepting when the) 9 e 
are very large, as buildings, Fc. and then we retreat to a greater dil- = 
tance, for the ſake of comprehending more of them at one view. IF 


am inclined to think that to moſt eyes, the natural diſtance of diſtin 
viſion is about 2 or 3 feet. 
By 
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By the preceding articles, it appears, that the ſame conformation of 95 z- 100. 


the eye, will {uit for diſtin& viſion at different diſtances, within ſome cer- 
tain limits; excepting perhaps only in that caſe, when the object we 
look at is a mmimum viſibile. 


102. None can be ignorant, that when ſeveral objects are at different 3. 


diſtances before us, they will not all appear equally diſtinct, at the ſame changes its 
conformation, 
for vition at 


caſe, may be owing to the impreſſions not being made upon correſpon- different dit 
dent fibrils of the two retina's ; let us make a trial with one eye alone, dance 


time. But, leſt it ſhould be ſuſpected, that the indiſtinctneſs in this 


while the other is ſhut : Thus, place two ſmall objects, as two pins, one 
behind the other ; and let the one be at about a foot, and the other at 
about ſix foot diſtance from the eye: Either of theſe objects that we 
look at, will appear diſtinct ; but the other, at the ſame time, although 
it be in the axis of the eye, will be confuſed. And this, I think, is an 
undeniable proof, that the ſame conformation of the eye is not ſuited for 
diſtin& viſion at all diſtances ; and alſo that the eye ſome how changes 
its conformation, ſo as it may be the better ſuited for viſion at different 
diſtances. In like manner as above, if the eye looks attentively npon the 
little ſcratches, or particles of duſt upon a window-glaſs, the objects 
without doors will be indiſtinct ; and when we look at the external ob- 
jets, the opaque particles upon the glaſs, which before were diſtinct, 
will now be confuſed. It frequently happens, that when we firſt look 
at an object, it will appear very contuſed, which confuſion will vanith b 
degrees, and preſently the object will become quite diſtin&t : And how 
can this phenomenon be better explained, than by ſuppoſing that at firſt, 
the eye was not properly adapted for viſion at ſuch a particular diſtance, 
and that afterwards, a ſuitable change was wrought in it accordingly. 


103. In hke manner, if after poreing ſome time on a book, we ſudden- 
ly look at objects farther off, they will at firſt appear confuſed, and be- 
come diſtincter by degrees: The like indiſtinctneſs happens, when from 


| looking at remote objects, we ſuddenly look at one that is near. This 


phenomenon will happen, when both objects are in the fame room, and 


| have the ſame degree of light; and what elſe can this be owing to, 
but that the eye changes its conformation for viſion at theſe different 


diſtances, and takes ſome ſmall time ſo to do? It cannot be altogether 
owing, to the laſt impreſſions on the eye being yet not quite obliterated ; 
otherwiſe the fame confuſion would be obſervable, upon ſhifting the 


| te from one page of a book to the other, which does not happen, at 


eaſt in the ſame degree. Theſe phenomena are ſtronger, when they 
happen without our thinking of them; for when we make the 1 
ment on purpoſe, and the mind is already prepared for what is to hap- 
ben, it has time in part to fruſtrate our deſign; theſe things being a little 

8 painful 
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painful to us. The fame obſervation is juſt, with reſpect to ſome other 
experiments of this kind. 


It may be owing, at leaſt partly, to the ſame cauſe, that when we ſud- 
denly ſee an object which we did not before look at, we ſometimes have 
a * painful ſenſation; and we immediately ſhut our eyes, till we have 
time, as it were, to prepare them for ſeeing at ſuch a diſtance. It is pro- 
bable, we may have theſe ſenſations when we do not attend to them; 
and that they ſerve as monitors to inſtruct the mind, that the eyes are 
not properly ſuited for viſion at ſuch a diſtance. 


104. Before we proceed any farther, it may not be amiſs to take no- 
tice of the following experiment, and the inferences that have been 

Fig. 12, drawn from it. Let r,s, be two ſmall holes made in a card, fo near to 

13, 14 each other, that when the card is held cloſe to the eye, the light com- 
ing through both holes may enter the pupil ; and let Q be any ſmall 
object, whoſe focus or image, after refraction by the humours of the eye, 
isq; the two lender pencils Q7, Qs, which enter the eye through the 
holes in the card, being both united at 9; if q falls upon the retina, as 
in fig. 12, the object will appear ſingle, and in its true place; the only 
difference cauſed by the interpoſition of the card in this caſe, is, that 
the object is fainter for want of the light contained in the ſpace between 
Qr and Qs. But if g falls either beyond or before the retina, in both 
caſes, the object ſeen through the two holes in the card, will appear 
double : Thus, 

Fig. 13,14. The ſmall pencil of rays Qr, being refracted to a, and the pencil 
Qs, to 4; the object inſtead of being ſeen at Q, is ſeen in the two places 
A,B; on different ſides, and a little wide, of the true place Q. For the 
impreſſions at a,b, being received on the ſame parts of the retina, on 
which would be formed the images of two objects, fituated in the direc- 
tions aA, bB, and ſeen by diſtinct viſion without the interpoſition of the 
card ; the mind has the fame perception, as it would have, if two ob- 
jects were really placed in theſe directions; and therefore the object 
Q appears double. The phantaſms A, B, are ſimilar to the object Q, and 
alſo pretty diſtinct ; becauſe the rays contained in the ſlender pencils QQ 
As, are united ſufficiently cloſe at 4, 6; only they appear faint for want 
ot light. 

That the cauſe above aſſigned, for the double appearance of the ob- 
ect, is the true one, is farther evinced from hence: If when the object 
is very near, as in fig. 13, the right Hole s be covered, the left object B 
will vaniſh ; and if the left hole r be ſtopped, the object A on the right 
hand, will vaniſh : And if, in fig. 14, where the object is ſuppoſed wy 

a 


This ſort of painfulneſs in the eyes, does as when we ſuddenly go out of a light room in 
zo ſometime: proceed from a different cauſe ; the dark, or out of darkneſs into a ſtrong ig" 


| per be held in the focus, the images of ſmall objects without, will be 
WW from any ſpeck; but if the paper be without the focus, each image will 
| havea dark ſpot in it. In like manner, if a ſmall opaque object be held 
near the eye, before which is placed many candles, at the diſtance of 100r 
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at a conſiderable diſtance from the eye, either of the holes I or 5 be ſtop- 
ped, the object A or B on the ſame ſide, will accordingly vaniſh, And 
hence it is manifeſt, that the focus 9 in the firſt caſe, is beyond the re- 
tina; and in the latter, before it; that is, the rays in the one caſe 
diverge too much, and in the other too little, for the humours of the 
eye to unite them all upon the retina, If three holes be made in the 
card, within the compals before limited, then the object will be ſeen in 
three places. 


105. Schol, 1. If the lens of a camera obſcura, be covered with an 
opaque paper, having in it two holes or ſlits at a little diſtance from each 
other ; and a white paper be held behind for receiving the ſun's image, 
or that of any bright object, without doors ; by moving this paper along 
the axis, we may have all the phenomena of the preceding experiment. 
When the paper is in the proper focus, there will be only one image 
of the object ; the pencils of light tranſmitted through each hole, unit- 
ing in this caſe, upon the paper: But as ſoon as the paper is moved 
from the focus, the pencils through the different holes will begin to ſe- 
parate, and the image will begin to widen ; and preſently it will be ſplit 
into two, which will be the wider aſunder, according as the paper 
is more remote from the focus. When the paper is before the 
focus, the images will be on the ſame fide of the axis, with the re- 


ſpective holes; and on the contrary ſide, when the paper is beyond the 


focus. The fame experiment may be made, by covering the lens 


| only with patches. 


106, If the above lens be covered only with one large patch, and a 122 
ee 


20 yards; if the eye looks attentively on the ſmall object, it will be ſeen 


multiplied, according to the number of candles; that is, it will be ſeen 
| like a dark ſpot in each candle. The reaſon of which is, becauſe in 


this caſe the eye having conformed itſelf, as much as it could, to the 
near object, the geometrical images of the candles are before the retina ; 
and fo the rays from each candle, ſpreading themſelves into wide ſpaces 
upon the retina, the ſhade of the opaque object falls within them, and 


| cauſes the dark ſpots above noted. But when the eye looks at the 


candles, no ſpots will be ſeen in them, and the opaque body will not 


| te multiplied : For the light which paſſes by the opaque body, being 


how united into the proper focus's upon the retina, there is no other im- 
perfection in the images of the candles, excepting their being leſs bright, 
8 2 | on 
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on account of the loſs of the intercepted light ; and the ſmall opaque 
body itſelf, ſeems tranſparent. 


107. Schol. 2. The ſmaller is the object, and the wider the holes in 
the card are aſunder, ſo that they are not wider than the breadth of 
the pupil ; the leſs ought to be the diſtance between thoſe two places, 
at which the object begins to appear double, from a too great and too 
little divergency of the rays. A needle held vertically, or a black line 
drawn upon white paper, makes a better object than a point of the ſame 
diameter, becauſe they are eaſter ſeen; alſo two parallel ſlits in the card, 
will do better than the holes, becauſe they admit more light to pat; 
through them. A ſlit made in the fide of a dark lanthorn, having a 
lighted candle in it, is a proper remote object. In making the experi- 
ment, care muſt be taken, that the object is ſeen through both: holes or 
ſlits, which may be known by moving the card a little ſide-ways. 


But after all the care that can be taken, in making this experiment, 
it will be frequently attended with inconſiſtencies ; and an object will a 
pear fingle or double, as it were caſually : Sometimes it will be double 
at all diſtances ; ſometimes it will be fingle for all diſtances beyond a 
certain one; and frequently an object will appear double at ſuch a diſ- 
tance, that with an open eye we might be ſure of having diſtin 
viſion, 


> 104, II. 108. From the * experiment with the card, M. de la Hire concludes, 
that no change is made in the eye for viſion at different diſtances, ex- 
cepting only as to the ſize of the pupil: But herein, I think, this author 
has had no followers. Dr. Jurin *obſerves, that if M. de la Hire's opi- 
nion was juſt, the 177imum viſibile would, in moſt caſes, be much 
greater than what we. find it by experience. And Dr. Porterfield +, 
who has wrote very largely about the above experiment with the card arg 
ſhews, that when the ſmall object appears double, at a proper diſtance at 
for diſtin& viſion, it is becauſe the eye is not properly ſuited for diſtini WW 
viſion at that diſtance ; which he proves by ſhewing, that if in ſuch! 
caſe we look at the/object with the other eye, it will appear double, on EY 
account of its being out of the plane of the horopter. And this in ;,. 
genious author gives good reaſons to ſhew, why we are ſo liable to mil 
take the diſtance of an object, ſeen through the two pin-holes in tie 
card: But nevertheleſs he proceeds afterwards to aſſign, from this expt- 
riment, the leaſt and greateſt diſtance of diſtinct viſion. 


Experiment 4 109. The above experiment, I think, is very little to be dependei i 


not conclu- upon, either for proving that the eye does, or does not, change its coup 
five, for ſet- formatiu 
t'ing the limits ' | 
of diſtint v- ® Eſſay upon diſtin& viſion, p. 136, + See Edenburgh Medical Eſſays, Vol. U 
ſion, Wc, and IV. | 
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formation, for viſion at different diſtances ; or, for afligning the limited 
diſtances of diſtinct viſion. For in this caſe, the ſlender pencils of rays, 
tranſmitted through the pin-holes, are united fo cloſe upon the retina, 


25 that no perceptible difference is obſervable in the diſtinctneſs of the 
Ol object, by changing the conformation of the eye; and foreign rays, 
4s which otherwiſe, by mixing with theſe pencils, might have created an 
2 indiſtinctneſs, are here excluded: And ſo in the preſent caſe, we have 
8 no incitement to change that conformation, which the eye happens to 
me have, when the card is placed before it; for why ſhould we alter our 
rd, eyes, unleſs it be for ſeeing more diſtinctly? If it be ſaid that the 
als double appearance of the object, is it ſelf in ſome caſes, an indication 
8 a that the eye is not adapted to the proper diſtance; yet this being an 
err. uncommon phenomenon, and not attended with ſuch a ſenſation as we 
* have, when an object is either too near or too remote; we are at a loſs 
what motion we ſhould give our eye, and alſo where to ſtop. What 
ent, paſſes in our eye, with reſpect to viſion at different diſtances, is rather 
| ap- involuntary, than dependent on our will; the eye adapts itſelf by a kind 


zuble BE of habit, unknown to us, ſo that we may ſee an object the moſt diſ- 

| tin&tly. And this accounts for the inconſiſtencies of the experiment; 
and alſo ſhews, that the concluſions drawn from it muſt be weak and 
precarious. An object much too near for diſtinct viſion, ſeen through 
the two pin-holes, always appears double ; but for the reaſons above 
aſſigned, I think, the experiment is not concluſive for ſhewing even the 
leaſt diſtance of diſtinct viſion, and much leſs for ſhewing the greateſt ; 
for in this latter caſe, the card being near the eye, may be a prejudice 
that deters us from exerting our utmoſt, as we ordinarily do, when we 
look at remote objects. 


But, without regarding the experiment with the card, we may reſt the 
argument for proving that the eye changes its conformation, for viſion 
at different diſtances, upon what has been already offer'd, in Arr. 
102, 10J. | 


110. Authors are divided in their opinions, concerning that change ofthe change 
which is made in the conformation of the eye, in order to obtain diſ- of conforma- 
tin& viſion at different diſtances : Some, thinking it to be a change in "ay 
the length of the eye; others, a change in the figure or poſition of the 
cryſtalline humour; others, that it is a change in the cornea. Theſe o- 
pinions by being ſplit, make no leſs than ſix different ones; according 
| as the eye when in a ſtate of reſt, and inaction, is ſuppoſed to be ac- 
depend commadated for diſtinct viſion, at the leaſt or greateſt diſtance, it is capa- 

e its cou ble of. The authors of each opinion have their objections to the reſt, 
format and perhaps the truth may lie in a mean betwixt them all. Dr. Jurin * 


„ val. fuppoſes 


1 Eſſay upon diſtin and indiſtin& viſion, p 136, to 144. 
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Of indiſtinct 


viſion. 


Fig. 15. 


Circle of ab- 
erration. 
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ſuppoſes, that the change which is made in the eye, for obtaining diſtina 
vition at different diſtances, is in the figure of the cornea ; and this learn. 
ed author, ſupports his opinion by very ingenious arguments. And as 
the rays of light ſuffer a greater refraction at the cornea, than they do 


-afterwards ; it is manifeſt, without entering into particulars, that a leſ 


change, as to quantity, in the radius of the cornea, will effect the buſi- 
neſs, than will ſuffice in any other part of the eye. But if it be true, 
as ſome authors affirm, that perſons who have been couched for cata- 
racts, are obliged to have convex-glaſſes of different focus's, in order 
to have diſtin& viſion at different diſtances ; it ſeems neceſſarily to 
follow, that the cryſtalline humour is ſome how concerned, in chang- 
ing the conformation of the eye : And the manner that this hu- 
mour is ſuſpended in the eye, ſeems to intimate as if it might be 
ſubſervient for ſuch a purpoſe. Perhaps, the cornea and the cryſtal. 
line, if not ſome other parts of the eye beſides, may contribute their 
ſhares together : And that in order to obtain diſtin& viſion at a 
nearer diſtance, at the ſame time, as the cornea is rendred more convex; 
the axis of the eye may be a little lengthened ; the cryſtalline may be 
rendred a little more convex, and alſo brought a little forwarder ; all 
which changes conſpire to the ſame end : And the contrary, for obtain- 


Ing viſion at a greater diſtance, But this matter ſeems to be too far 


out of our reach, to be decided with certainty. 


111. An object that is far without the limits of diſtin& viſion, will 
not only be confuſed, but alſo its figure, unleſs it be circular, will appear 
too broad in proportion to its length. 

Let ABC be an object, fo near the eye, that its geometrical image i; 
at pgr, beyond the retina. Now the light contained in the pencils pro- 
ceeding from the phyſical points A, B, C, is ſpread upon the retina, over 
the circular ſpaces à, %, c, reſpectively; which circular ſpaces, anſwer in 
bigneſs to the images of circles A, B, C, ſeen by diſtinct viſion ; as ap- 
pears by the dotted lines drawn through the focal center of the eye. 
And as the rays irom every phyſical point of the object, are, in like 
manner, ſpread over circular ſpaces upon. the retina, theſe circles run 
into one another; and ſo the object, inſtead of appearing lineal, is con- 
fuſed, and as broad as the circles A, B, C, as repreſented in fig. 16. 


112. Defin. The leaſt circle upon the retina, into which all the rays 
coming from a phyſical point of an object ſeen by indiſtinct viſion, 
can be collected, we ſhall call the circle of aberration ; as the circle 9, 
or 6," ar ©, hg. 15. 
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113. A circular object, ſeen by rays diverging either too much or tos 
little for diſtinct viſion, has alſs a circular image upon the retina ; and the 
diameter of this image, exceeds the diameter of the true image, by the dia- 
meter of the circle of aberration. 


Let the circle RABC be the true image, or that circle formed upon Fig 1,18 
the retina, by the axes of all the pencils that come from the object; 
and let the circles of aberrations be each equal to the circle r abc, whoſe 
center 7 1s here in the periphery of the circle RABC; and let RDEF be 
a circle, whoſe periphery touches the outermoſt part of the periphery 


of the circle rabe. I ſay, that the whole image upon the reting is the 
circle RDEF. 


For, the axes of all the pencils of light coming from the periphery of 


the object, do *fall in the periphery ABC; and the circles of aberrations · Hypoth. 


of theſe pencils, are each equal to rabc. Therefore, &c. Q. E. D. 


. 


114. In the middle of the image of a circular object, ſeen by indiſtinct 
don; there is a circular ſpace, whoſe diameter is the difference of the 
diameters of the true image and of the circle of aberration, which is all 
ever equally enlightened ; and from the circumference of this equally en- 
ightened circle, the light continually diminiſhes towards the periphery of 
the image, ſo as at that perifhery to be infinitely rare. 


Retaining the ſame ieferences as in the preceding Prop. let RGHI Fig. 17, 18. 
be a circle touching the circle of aberration va, in that point c, 


| which is neareſt to the center R; let the radius of the true image 


RABC be called R, and the radius of rabc, call >; then it is manifeſt 
that the radius of RGHI Rr. I fay, that the circle RG HI is. 
all over equally enlightened, and that without this circle, the light is 


| continually diminiſhed from GHI to DEF. 


1. Let R be greater than , and in the line R, take cn r cr. Fig. 17, 


| Now, if the lines c, 5c, be alike divided from r to c, and from s to c, 
| and theſe diviſions be ſuppoſed the centers of circles of aberrations, 
| Whoſe radii are each equal to 7; it is manifeſt then, that an indefinite 
| {mall ſector Re, will receive as much light, from the circle of aberration 
| Whoſe center is next to r, as it will be deprived of, by the extenſion be- 
Jond c of the circle whoſe center is next to g: And ſo the correſpon- 


dent circles will all the way countervail each other, till their centers 


| inte inc; fo that the point c loſes none of its light, and all the points 


from 
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from c to , are equally enlightened : And this is true, of all the inde. 


finitely ſmall ſectors, whoſe center is R. Thoſe circles of aberrations 
whoſe centers are not more remote from R, than s, are all included with- 
in the circle RGHI; and by the preceding argument, it is manifeſt, 
that the light is equally denſe in every point of the ſaid circle. But 
as no circle of aberration can have any return, for ſo much of its light as 
falls without ABC, the light without G HI muſt continually decreaſe, 
till at the periphery DEF it is infinitely rare; the faid periphery, re- 
ceiving only one ray from each of the outermoſt circles of aberration, 
2. When R is leſs than v. It is maniteſt that every point in the cir- 
cle RG HI, is equally enlightned ; for the whole of that circle, fall; 
within every one of the circles of aberrations : And by the ſame argu- 
ment as above, it appears that the denſity of the light continually dimi- 
niſhes, from the periphery G HI to DEF. Therefore, &c. Q. E. D. 


115. Schol. 1. When R is greater than , as in fg. 17. the circle 
RG H receives the ſame quantity of light, as it would if there was no 
aberration : This is manifeſt from the preceding. When the circle of 
aberration as CKRL, is equal to the true image, only the center of that 
image has its full ſhare of light; and in all other places the light de- 
creaſes in denſity, according to the diſtance from the center. But when 
R is leſs than v, as in fig. 18. no part of the image has its full quantity 
of light: For ſince every pencil, whoſe axis falls within G HI, diffuſes 
its light into a circle as large as 7abc, and the points where theſe axes fall, 
receive light only fram pencils whoſe axes fall within the circle R ABC; 
it follows, that the circle G HI diſperſes more light than it receives, and 
that in proportion of . to R“; and by the preceding, the light in every 
point without that circle, is diminiſhed {till more. 


116. Schol. 2. The image at the circumference DEF will be imper- 
ceptible, becauſe there the light is * infinitely rare: And to a given circle 
of aberration ; the more luminous the object is, the image will be ſen- 
AHble, ſo much the nearer to the circumference DEF, 


For the denſity of the light decreaſes in equal proportion from GH! 
to DEF, whatever be the quantity of light in the whole image *; and 
therefore the more luminous the object is, the more ſenſible mult the 
image be, at any given diſtance from the edge DEF; and it will be 
equally ſenſible, ſo much the nearer to that edge. 


117. Schol. 3. The three preceding articles, may be alſo applied t 
objects of other figures, as parallellograms *, &c. The principal diffe- 
rence in the phenomena of circular and oblong objects, is, that the fall 


» (11, II. images of the latter, will be * broader in proportion to their lengths, rw 
ev 


* This Subject has been conſidered very minutely by Dr. Jurin, in the Eſay before quoted. 


lower and upper eye-lid, M. Rohault ſuppoſes, that t 
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their true images, and alto blunt at the corners. But the phenomena 
above ſeldom happen, excepting when we look at objects that are too 
near, or through lens's at objects that are out of the proper focus ; and 
when the aberration is conſiderable, the confuſion is generally ſo great, 
that the appearance, at leaſt in many caſes, will not anſwer to the theory; 
and it would be needleſs, here, to purſue this ſpeculation any farther. 


118. A ſmall bright object, by cloſing the eye-lids a little, will have +» ll bright 
two ſimilar images incroaching one upon another; and the cloſer the oi, by 
eye-lids are brought together, the more detached will be the images, or 0 . * 
the farther aſunder will be their centers: Both the images will be diſ- comes double. 
tinct, but one will be brighter than the other; and that part, which 
is common to both, will be brighter than either. Thus, let A be a 
round hole in the window-ſhutter of a dark room; if this hole is Fig. 19. 
not too big, upon cloſing a little the eye-lids, there will appear another 
hole, as B; and ſometimes there will be three images, one above, 
and the other below the true image, as in fig. 20. The true image 
A will be brighter than B; and the part 'ab, as receiving light from 
both images, will accordingly be brighter than the reſt of A. 

There will be the fame appearance, if one eye be totally ſhut ; and 
therefore, it cannot be owing to the object being out of the plane of the 
horopter, and beſides the images are here always in a vertical ſituation ; 
nor can it be owing to indiſtinctneſs of viſion, becauſe in that caſe, in- 


ſtcad of two images, we ſhould only have one broad and confuſed = 111, 17. 
unage. ; 

119. If the eye-lids be pretty much cloſed, the two falſe images a- Beams of | 
bove deſcribed will vaniſh ; and they will be ſucceeded by luminous light magie 
beams, as ABC, ADE, fg. 21, projecting towards the eye; juſt after 
the lame manner with thoſe beams, that, in a like diſpoſition of the 

eyes, appear to ſhoot from the flame of a candle. If the head be in- 

clined upwards or downwards, the upper or lower beam will accor- 

dingly vaniſh ; and fo, by a like inclination of the head, will alſo vaniſh 


137 


| the reſpective falſe images in the preceding Art. 


120, The phenomena of the falſe images, and the beams, muſt un- Cauſe of the 
doubtedly be both owing to a like cauſe; and that cauſe, muſt be ſome above pheno- 


inlection of the rays at the edges of the eye-lids. If a ruler be held 
| Aganſt the face below the eye, and then moved upwards, the upper- 


moſt beam or image will firſt vaniſh ; and if the ruler be placed a- 
bove the eye, and moved downwards, it will be the lowermoſt beam 
that will vaniſh : And this ſhews, that the rays which cauſe the ap- 
pearance of the upper and lower beams, are inflected reſpectively at the 

he rays are re- 
T flected 
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Fig. 21, 
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flected at the edges of the eye-lids, as by a ſpeculum ; but the pheno- 


menon of the ruler juſt mentioned, invalidates this hypotheſis. M. ge 
la Hire thinks, that the water which ſerves to moiſten the eye, is ſo 
ſqueezed by the preſſure of the eye-lids, as to form between them a 
concave ſurface ; and by this ſurface, the rays which fall on the lower 
lid, are refracted downwards; and thoſe falling on the upper, are re- 
fracted towards the upper part of the retina: And ſo by the greater re- 
fraction of the rays, as they fall nearer to the edges of the eye-lids, the 
beams of light appear extended to a greater diſtance from the object. 


Thus, one of the outermoſt rays, in the pencil of light proceeding from 
A, is refracted by the concave water adhering to the eye-lid G, fo, 
that after its refraction by the cornea and cryſtalline humour, it falls up- 
on the retina at the point e; and ſome of the other rays that are nearer 
the axis, after all the refractions, fall at the point d, between e and a. 
In like manner, the extreme ray which comes to the eye-lid H, is, by 
the concave ſurface of the water adhering to it, ſo refracted as to fall 
upon the retina at c; and the reſt of the rays, from this laſt ray to the 
axis, ſtrike orderly upon the retina from c to à; as if they proceeded 
from ſome luminous beam of light ABC. And ſo the rays which fall 
betwixt @ and e, ſeem to have proceeded from another luminous beam 
ADE. 


121. Schol. 1. From the above ſolution, it ſeems neceſſary it ſhould 
follow, that the beams of light ſhould appear coloured, as in the caſe of 
viſion through a priſm : But this not being the caſe, it may ſeem more 


likely that the rays inſtead of being refracted, are inflected at the eye- 


lids, as in Art. 86 * the upper eye-lid, inflecting the rays. upwards, 
and the lower lid inflecting them downwards upon the retina, ſo as to 
cauſe the appearance of the luminous beams, for the reaſons aſſigned in 
the preceding Art. Perhaps both the above cauſes may conſpire to- 
gether, as each of them is equally ſuited for diſperſing the rays over 
the ſame parts of the retina : But by either of them, it ſeems difficult to 
account for the falſe images in Art. 118. The middlemoſt and true 
image, is undoubtcdly cauſed by rays that freely enter into the eye, as 
uſual ; and the rays that cauſe the falſe image, muſt be ſome how re- 
gularly or equally inflected. If this is done by refraction, it muſt be 
by a thin wedge of water, whoſe thickeſt fide adheres to the eye-lid; 
and this refracting but little, the falſe image is not ſenſibly diſtorted, nor 
moved far out of its true place. 

The phenomenon above conſidered, does not happen, but when the 
object is much brighter than the medium round it; which ſhews, that 
the inflected rays are but thinly ſpread upon the retina, and that per- 
haps 


* Sce Newton's Optics, p. 300 
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haps may be one reaſon, why the falſe images do not appear coloured. 
The rays which enter the pupil laterally, or at the ſides, meet with no 
obſtruction from the eye-lids ; and this is the reaſon why, the falſe 


images, and the luminous beams, appear always one above, and the 
other below, the object. 


122. Schol. 2, Two phyſical points, or ſmall objects, ſcen by indiſtin& Fig. 10. 
viſion, will have two large circular images, as A,B; and if they are fo near 
as to have a part ab common to both, that part will be more luminous 
than either A or B, and the whole will form a kind of an oblong image. 
But in this caſe, theſe images are confuſed, ill defined, and very unlike 
the phenomenon above explained. 


PROP. VII . 


123. All other things being the ſame : The indi/tinfineſs of an objeci 
whoſe geometrical image falls either behind or before the retina, ill be, 
as the area of a circle of aberration ; or, as the area of the leaſt circle upon 


the retina, into which all the rays of a fingle pencil can be collected. 


d Let RAB C be the geometrical image, or that ſpace upon the retina Fig. 17, 18. 

il which contains the axes of all the pencils of light coming from the ob- 

m jet, and let the circles of aberrations be each equal to rabc : I fay the 
indiſtinctneſs of the object, will be as the area of rabc. 

1d For every ſenſible point upon the retina, within the ſpace RABC, 

of will be a center of a circle of aberration, and will at once be affected 

ore by a mixture of the rays of as many different pencils, as there are ſenſi- 

ye- ble points within that circle: But the indiſtinctneſs is neceſſarily, as 

ds, the number of pencils which at once affect the ſame point of the re- 

to tina, and that number is as the area of a circle of aberration. There- 

d in bore, Sc 2. E. D. 

to- 

over RN. 

avg 124. All other things being the ſame : The indiſtintineſs of an object 

* baving its geometrical image at a given diſtance from the retina, will be 

FIG a the area of the pupil. | 

ſt be Let ꝙ be the focus of a pencil of rays, after refraction by the eye; Fig. 15. 

lid; now the ſituation of the point q being invariable, it is manifeſt that the 


circle of aberration &, will be as the circle whoſe diameter is sf, that is 

is the area of the pupil. The ſame demonſtration takes place, if the 

the locus 4 be before the retina ; and in both caſes, it is ſuppoſed that the 

that pencils of light at their entrance into the eye, are each at leaſt as broad 

per- 5 the pupil. But the indiſtinctneſs, is“ as the area of the circle 6. * 123. II. 
haps I Therefore, Sc. Q. E. D. 
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125. Scbel., 1. If we had a power at will of contracting the pupil, 
an indiſtinctneſs of viſion might be thereby leſſened: But this is not 
the caſe; the motions of our eyes are rather ſubſequent to particular 
ſenſations, than ſubject to our direction; and a greater degree of light 
is a much more powerful cauſe of contracting the pupil, than an indiſ- 
tinctneſs of viſion. The eye looking at a ſtar will have its pupil much 
wider, than when it looks at an object at a moderate diſtance by day- 
light. And a book may be read at a nigher diſtance by a ſtrong light, 
than it can by a faint light; the ſtrength of the light contracting the 
pupil into a ſmaller ſize, than the ſenſation of indiſtinctneſs alone could 
do. It is eaſy to make a kind of artificial pupil, of what ſize we pleaſe; 
but this will not help us much, as is ſhewed in the following. 


126. Schol. 2. If we look through a pin-hole, made in a card or thin 
plate, held cloſe to the eye, an object will appear diſtinct at a ſome- 
what leſs diſtance than it will to an open pupil. Thus, if AQ is the 
leaſt diſtance at which the eye with an open pupil, can ſee a ſmall 
object as Q, diſtinctly ; if the eye approaches nigher to the object, as to 
B, and no more light be admitted through the hole a, than what be- 


fore entered the pupil at A, the object will be ſtill pretty diſtin ; be- 


cauſe the outermoſt rays in the pencil, have now no greater degree of 
divergency than they had before. In like manner, if the hole in the 
card be leſſened, in proportion to the diſtance, the eye may approach till 
nigher to the object, as to C: However, there is a limit as to this a 

proach, otherwite we ſhould have a ready way of making a kind af 
micraſcope ; and although it feems, as if the eye received the ſame 
rays of light from the object, at the different diſtances ; yet the object 
does not appear equally bright, and diſtinct, at thoſe ſeveral diſtances. 
It is to be obferved, that an image upon the retina is more or leſs vivid, 
according to the quantity of light received from the leaſt viſible part of 
an object, and not according to the quantity received from the whole 
object: And the diameter of the minimum w/ibile is increaſed, as the 
diſtance from the object is leſſened. And therefore in the caſe above, 
if the hole be leſſened in proportion to the diſtance, the object, as it 1s 
approached nigher will be darker and darker, and ſo by degrees grow 
undiſtinct for want of light; and if the hole be bigger than in the above 
proportion, there will be an indiſtinctneſs from a too great divergency 
of the rays; And in both caſes, the indiſtinctneſs may be increaſed, by 
an inflection of ſome of the rays at the edge of the hole; and the 
ſmaller the hole, the greater proportion will theſe inflected rays beat 
to thoſe that are freely tranſmitted to the eye. So that the above ex- 


periment, 


| 
4 
$ecr. II. OF OPTICS. 147 I 
\eriment, though it may help a little in ſome cafes, yet is it of much 
leſs uſe than ſome have imagined “. ; 
127. Schol. 3. In all that has been ſaid about an indiſtinct image 4 
upon the retina, no regard has been had to any aberrations of the hu- fl 
mours of the eye ; for although it is very probable that there may be 
ſuch aberrations, yet it is impoſſible to diſcover them by any experi- 
ment; we cannot ſee what paſſes in the eye, and light after it is once 
entercd there, can be traced no farther. 


128. Before we conclude this head, we ſhould make ſome enquiry Latitude of 
about the extent of diſtinct viſion, ſo far as diſtinctneſs is dependent on 4iſtinaviſivu, 
the different diſtances of objects, or the degrees of divergencies of the rays 
of light proceeding from them. It is agreed that, to the generality of 
eyes, the neareſt diſtance of diſtinct viſion is about 7 or 8 inches. 89. II. 
But the greateſt diſtance of diſtinct viſion to a common eye, is perhaps 
not ſo eafily ſettled : Dr. Porter field determines this greateſt diſtance for 
his eye, to be 27 inches; and this concluſion he draws from the experi- 
ment, Art. 104. But that experiment is © too precarious to be relied on: © 109. II. 
And I ſee no room to doubt of our being able to ſee objects diſtinctly, 
if they are ſufficiently large, at a much greater diſtance than two or 
three feet. A large print at the diſtance of five or ten feet, is, I think, 
every whit as legible, as a print that is five or ten times ſmaller, at the 
diſtance of one foot. And cannot a perſon, having common eyes, ſee 
a large object, as the front of a houſe, Cc. as diſtinctly at the diſtance 
of 20 or 30 feet, as if that object was nigher to him? 

I am inclined to think, that a common eye can adapt itſelf ſo, as 
to have diſtinct viſion at the greateſt diſtance, or with parallel rays ; or 
that in ſuch a caſe, the geometrical image 1s not ſo remote from the 
retina, as to cauſe any indiſtinctneſs upon that account. For, | % 

1. It is natural to ſuppoſe, that the eye can alter its figure as much, 
from that conformation it naturally has when in a ſtate of reſt and in- 
action, one way, as it can another; or, that the eye can change its con- 
formation as much for viſion with rays diverging leſs, as it can for rays 
diverging more, than that degree of divergency which is proper for 
viſion when the eye is in its natural ſtate of reſt. Upon this ſuppo- 
ſition, and admitting the natural diſtance of diſtin viſion is not leſs 
than 16 inches; it will follow, that the image of an object at an infi- 
nite diſtance will be as near the retina, * as the image of an object at 21. II. 
no greater diſtance from the eye, than about 8 inches; and ſo in both 


caſes, the images will be equally diſtinct. 


Ds 

A ſlender object, as a needle, placed be? hole; but in this caſe, it is not the needle, but 

tween the eye and a ſmall hole in a card held its ſhadow on the cther fide, that is ſeen, and 1 

pretty near, will appear inverted ; as will be ma- that is che cauſe of the inverted appearance. 4 
wtelt, by moving the needle ſlowl, over the 


Cauſe of in- 


diſtinctneſs of 
remote ob- 


jects. 


a 8, 81, & the figures, ſizes and colours, of ſome eminent 
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2. Without regarding what is the natural diſtance of diſtin viſton, 
let us ſuppoſe 10 feet and 8 inches to be the greateſt and leaſt diſtance, 
at which a common eye can ſee an object diſtinctly, with eaſe, and 
without much ſtraining of its parts. Now if 2 tenths be ſuppoſed the 
breadth of the pupil, no greater change in the eye will be requiſite for 
procuring diſtinct viſion from 10 feet to an infinite diſtance, than is ne- 
ceſſary from 8 inches to 75 inches. Let AB be the ſemi-aperture of 
the pupil == 1 tenth, AC the axis of the eye 1 EB a ray paral. 
lel thereto, DB the axis of a pencil whoſe focus is 10 fo6t from the 
eye, and let AC—8 inches. The 4 EBD is = 2' 52", and by mak. 


ing the / CBF = 4 EBD, AF will be 73 inches. It cannot be 


doubted, but that we can ſee an object diſtinctly at the diſtance of 10 


feet; and it is as certain, that we can have diſtin viſion, at leaſt half 
an inch nearer than that diſtance, at which we. commonly look at ſmall 
objects. 


3. But if it be doubted, whether we can change the conformation of 
our eyes, as much for procuring diſtin& viſion farther, as we can for 
procuring it nigher : Let a perſon having common eyes, after looking 
attentively at a remote object, as the moon, look at the fame object 
through a concave lens, having what focal length he may think beſt; 
and I believe by this trial, he will be convinced that a paralleliſm of 
the rays of light, is not an impediment to diſtinct viſion, and that there- 
fore the indiſtinctneſs of remote objects is to be referred to ſome other 
cauſe. By looking through a convex lens having a long focus, it will 
appear, that a common eye may even have diſtin& viſion with rays a 
little converging. 


129. Schol. 1. The chief cauſes of the indiſtinctneſs of remote ob- 
jects, I take to be thoſe * already aſſigned: And it may be farther ob- 
ſerved, that we uſually diſtinguiſh near objects, by certain marks, as 
7 - and when theſe 
marks, by reaſon of their ſmallreſs, are loſt ; the object, by wearing a 
quite different face from what it uſed to have at a nearer view, becomes 
neceſſarily indiſtinct. For in this caſe, we not only loſe fight of our 
principal marks, but alſo the out-line becomes blunt, faint, and imper- 
fect, as the exterior parts of the object are not diſtinguiſhable one from 
another; and ſo there being nothing viſible, but the groſſer parts, the 
whole appears confuſed, and ill defined. The features of a man, the 
buttons on his coat, &c. are not viſible beyond a certain diſtance : 
And at a greater diſtance, his head and ſhoulders will ſeem contiguous, 
and no marks will be left, whereby he may be diſtinguiſhed from the 
ſtump of a tree. = 
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i130. Schal. 2. Let AB be the ſemi-diameter of the pupil, AC pro- Fig. 23. 

duced the axis of the eye, EB a ray parallel thereto, eCg an indefinite 
line perpendicular to AC; and let the conformation of the eye be ſuch, 
as to tee molt diſtinctly at the diſtance AC, or let & be the geometrical 
image of the point C: Now, if innumerable pencils of rays, be ſup- 
poſed to enter the eye, from innumerable focus's taken in the axis AC, 
trom C onwards to infinity; the diameter of the leaſt circle upon the 
retina, which will contain all the rays that enter the pupil, will be equal 
to that of the geometrical image of a circular objec, whoſe ſemi-dia- 
meter-is the line CE. 


In the line eg, take CGS CE, and let à be the geometrical focus of 
a pencil of rays flowing from E: Now it is manifeſt, that a ray coming 
parallel to the axis, from an infinite diſtance, through the point E, 


will thenceforward be carried to the eye, along with the ray EB, and 


that both theſe rays will fall upon the retina, at the ſame point a; 6 
being the geometrical image of CE : And all the rays, whoſe focus's are 
any where in the axis beyond C, will fall ſomewhere within the circle 
whoſe diameter is GE ; and conſequently will fall upon the retina, 
within the image of that circle. Therefore, &c. 2. E. D. 


121. Corol. Let BG be a line cutting the axis AC in H: Now the 
focus of a pencil of light diverging from H, will fall at a point y, about 
25 much beyond the retina, as the focus x of parallel rays, is before the 
retina ; and all the pencils of light, whoſe focus's are any where in the 
axis betwixt G and H, will be contained upon the retina, within the 
circle whoſe ſemi-diameter is 4; for theſe rays produced backwards, 
will fall within the circle whoſe diameter is GE. 


And univerſally, if C be ſuppoſed that point in the axis, whoſe geo- 
metrical image falls upon the retina ; and innumerable pencils of rays be 
ſuppoſed to enter the pupil, ſome whereof are converging and others 
diverging, to or from, certain focus's in the axis of the eye: Produce 
backwards that ray, as IB, which converges the moſt, and that ray as 
{B which diverges the moſt, till they meet with the perpendiculars to 
de axis Ce, Cg, in e and g; and the longeſt of theſe two perpendicu- 
lars Ce or Cg, will be the ſemidiameter of that circle, whoſe image is 


| the leaſt circle upon the retina, which can comprehend all the rays that 


enter the pupil, 


"GD 
22 


Sec. II. OF OPTICS. 143 


144 


Of long- 
ſightedneſs. 


Fig. 24. 


Of ſhort- 
ſightedneſs. 


Fig. 25. 


A TREATISE Boo; II. 


$. 3. Of long and ſhort-fighted eyes, and of ſpectacles, 


132. If the cornea and cryſtalline, or either of them, be too flat, 
pencil of light coming from an object at an ordinary diſtance, will haye 
its focus at ſome point y, beyond the retina ; and therefore viſion will 
be indiſtinct, as in the*caſe of an object too near for a common eye. 
This defect commonly comes on with old age, and is thought to be 
occaſioned by a ſhrinking of the humours, which flattens the cornea, 
and the coats of the cryſtalline : And hence, theſe kind of eyes are cal- 


led by authors, preſbyte, viſus ſenilis; alſo long-/ighted, becauſe they 
cannot ſee near objects diſtinctly. See alſo fg. 13. 


133. Long-ſighted people, in reading, place the book at a greater diſ- 
tance than ordinary, as two or three feet; that being their neareſt dif. 
tance of diſtin& viſion : They alſo commonly write a large hand, and 
always chuſe a book with a large print; for being obliged to read at a 
great diſtance, ſmall letters will not ſubtend angles ſufficiently large, and 
upon that account will be confuſed, as to a common eye, at a like diſ- 
tance. The long-ſighted alſo require more light for reading a given 
print, than others do for reading the fame print; for they receive leſs 
light than others, in proportion as the object or book is held at a greater 
diſtance. 


134. When the cornea and cryſtalline are ſo convex, that the images 
of objects, at an ordinary diſtance, fall before the retina, as at); the 
pictures upon the retina, and viſion cauſed thereby, will be confuſed: 
Perſons having ſuch eyes, can ſee no objects diſtinctly, but ſuch as are 
very near; and hence they are called /hort-/ighted ; alſo purblind, and 
Myopes *. See fig. 14. | 


135. Short- ſighted people, commonly chuſe a ſmall print, and write 
a ſmall hand; for to them, the letters are magnified by their nearneſs, 10 
as to appear as big as thoſe of a middling Be do to a common eye; 
and the letters being ſmall, they have the advantage of ſeeing more ot 
them at one view. It has been remarked, that Myopes do not uſually 
look at the perſon they converſe with; for as they cannot obſerve hi 
looks, and the motions of his eyes and features, they are attentive t0 
his words only. 


| 136. 

There are other cauſes that limit the exzent orders, require more light for viſion, than ord 
of viſion : As, when the pupil is more than or- rary ; and therefore they cannot tee ſo far 3 
dinary ſmall, the humours turbid, or leis tranſpa- other people, although their eyes be of prof® 
rent than ccmnmon ; the retina ſomewhat callous figures, for uniting the rays from remote objet 
or inſenſible: People labouring under theſe diſ- upon the retina. 
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ſee clearly a ſmall given object with leſs light, than other people can: 
For by viewing them nearer, they increaſe their viſible magnitudes, 
and alſo receive more light from a given object, in proportion to that 
nearneſs. And hence it is, that Myopes can read by moonſhine or twi- 
light, when a common eye 1s not able to diſtinguiſh one letter from 
another : They alſo can ſee ſomewhat farther off, by a ſtrong light, 
than they can by a weak light ; for the ſtrength of the light contracts 
the pupil, and that leſſens the indiſtinctneſs. 


137. Schol. If to a given eye, the neareſt diſtance of diſtinct viſion 
be four inches; as great a change of configuration will be requiſite to 
ſuch an eye, for procuring diſtin viſion from four inches to eight 
inches diſtance * ; as will ſuffice a common eye for obtaining diſtinct 
viſion at all diſtances, from 8 inches to infinity. 


There are ſome people that are ſhorter-ſighted than as above ſup- 
poſed : It is no wonder then, that ſuch cannot ſee a ſmall object 


at arm's length from them, or to avoid a ſtone at which they are juſt 
going to ſtumble. 


138. It is a common obſervation, that the eyes grow flatter with 
age; and hence it is, that people who were purblind in their youth, 
ſee better as they grow in years, and continue to read without ſpectacles 
to the very laſt. On the other hand, the long-fighted eye grows worſe 
and worſe ; and at length its refractive coats may become ſo flat, as not 
to be able to collect even parallel rays upon the retina, And hence all 
objects will neceſſarily be confuſed ; thoſe that are ſmall, as the letters 
of a book, Sc. will be altogether imperceptible; and at length by a 
ſtill greater decay of the humours of the eye, the benefit of naked vi- 
hon will be in a manner totally loſt. , 


It cannot be doubted, but that the parts of the eye, like the reſt of 


the body, grow ſtiffer with years, and leſs pliable ; and hence aged 


perſons, have leſs latitude of diſtin& viſion, than when they were 
younger, Alſo it is probable, that the optic nerve grows leſs ſenſible 
with years ; and this may be another cauſe of the decay of ſight in 


old age, 
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136. Thoſe who are ſhort-ſighted, can ſee ſmaller objects, and alſo Some advan- 


tages of ſhort 
ſightedneſs. 


n. . 


The eye 


grous flatter 


with age. 


139. It has been obſerved, that people who are frequently uſed to gnort and 
look at remote objects, as country-men, travellers, ſailors, and the like, long fighted- 
| are gencrally long- ſighted; and ſo want ſpectacles the ſooneſt : On the 
other hand, the greateſt number of ſhort-ſighted perſons, are found 
among ſtudents and mechanics, who are daily converſant with ſmall 


and 


neſs may be 
acquired, 
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and near objects. The eye, it ſeems, in both caſes endeavouring to keep 
that configuration, to which it is moſt accuſtomed. 


Sometimes 140. Sometimes both long and ſhort-ſightedneſs, come on ſuddenly 
2 aer by accidents, or illneſs: Colds eſpecially have been productive of both 
theſe effects; and there have been inſtances of aged perſons, who had 
uſed ſpectacles many years, having by an accidental cold become ſo 


ſhort-fighted, as never to want them again. 


Some perſons 141. There are many inſtances of people who ſeem to be both long 
doch long and and ſhort-ſighted; that is, they can ſee near objects, and ſeemingly 


hort-fighted. alſo remote objects, diſtinctly; but thoſe that are at intermediate 
diſtances, appear confuſed : This cafe will admit of an eaſy ſolution, if 
it be ſuppoſed, that ſuch people have one eye ſhort-ſighted, and the 
other long-fighted, and that they ſee only with that eye, which is ſuited 
for diſtinct viſion at the near or remote diſtance *. 


fon of re- 142. But when we confider what are the *chief cauſes of the in- 
mote objefis diſtinctneſs of remote objects to a common eye; it will ſeem probable, 
Ae, Jew: that with reſpect to vifion of diſtant objects, the ſhort-ſighted are not 
= 4 under ſuch great diſadvantages, as at firſt might be imagined. The 
* 129. II. planets and all the brighter ſtars, are as viſtble to the moſt ſhort-ſighted, 
as they are to any other ; and probably their appearances are much a- 

like to all forts of eyes. And the greater quickneſs of ſome in diſcern- 

ing the ſmaller ſtars, may perhapsbe more owing to a better conſtitution 

of the retina, &c. than to any advantage in the figure of the eye. But 

becauſe of the aberrations upon the retina, a ſhort-ſighted perſon can- 

not diſtinguith beyond a certain ſmall diftance, ſuch ſmall parts of an 

object, as another can: Thus, he cannot diſtinguiſh the features of a 

face a- croſs the room; and as objects in general are diſtinguiſhed by 

their vitible parts, ſo with * to viſion at moderate diſtances, the 
diſadvantages of the ſhort- ſighted are very great and manifeſt. But 

although ſuch a perſon cannot diſtinguiſh parts, unleſs they be very 

large, or very near him; yet he can perceive an object in the gros, 

if it be not too ſmall, at a conſiderable diſtance : He can perceive a man 

at the diſtance of ſeveral paces, though perhaps he muſt advance with- 

in one of him, before he can call him by his name. A large tree he 

can diſtinguiſh yet farther ; and from his experience in like caſes, the 

large obſcure object which he perceives at a great diſtance off, he _ 

cludes 


* Some have imagined, that we never fee but this is not univerſally the caſe, I think, is very 
with one eye at a time: If this be the caſe, it plain, from the following obſervation, viz. 1 
may be wondered why in looking we always whilſt looking at any object, either eye be © 
turn the axes of both eyes towards the object. vered ever ſo nimbly, we continue till to {ee 
It is very likely, that ſome people either ſee al- the object, without any the leaſt intermediate 
together with one eye only, or ſee better with ſtop ; which ſeems difficult to be accounted for, 
one eye than they do with the other: But that if the now naked eye had before been idle. 


nted for, 


le. 
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cludes to be a houſe, to the great ſurprize, perhaps, of his acquaintance 
who knows his caſe. And hence, without ſuppoſing one eye to 
be ſhort and the other long- ſighted, we may ſolve that ſeeming para- 
dox ; why a perſon who is ſo purblind as not to be able to ſee a fmall 
object at arm's length from him, is yet, in many caſes, not apparently 
under any ſuch great diſadvantages, with reſpe& to viſion of remote 
objects. | 


143. An eye, that has no other defect but that of being long or ſhort- Long and 
ſighted, may be helped by a lens of a proper figure, ſo as to be able to * 
ſee diſtinctly at any given diſtance. As, if Ag, fig. 24. be the neareſt medicd 
diſtance of diſtinct viſion to a long - ſighted eye; Ag, fiz. 25. the re- Fig. 24,23. 
moteſt diſtance of diſtinct viſion to a ſhort-fighted eye; and AQ be 
that diſtance, at which each reſpective eye wants to ſee an object diſ- 
tinctly. Let O be a lens of ſuch a figure, that rays diverging from 
will after refraction, diverge from 7; an object Q ſeen through ſuch a 
lens will appear diſtin, For in both cafes, *the rays, by the refraftion « Hypoth. 
of the lens, are made to enter the eye with ſuch a degree of divergency 
as is proper for diſtinct viſion: The want of plumpneſs in the long- 
lighted eye, being ſupplied by the convex lens, and the too great plump- 
neſs of the myopical eye is corrected by the concave lens. 


144. Defin. Two glaſſes, having ſuch figures as are requiſite for pro- Of ſpettac!-+ 
curing diſtin viſion at given diſtances, and fixed in a proper frame 
for holding them before each eye, are called ſpectacles. 


145. Convex lenſes magnify, and concave ones diminiſh, the objects Their defgn 
that are ſeen through them; but theſe are accidental properties: The and uſeful- 
end or deſign of ſpectacles, being neither to magnify or diminiſh ob- we. 
jets ; but to alter the diſpoſition of the rays at their entrance into the 
eye, as may be moſt ſuitable for procuring diſtinct viſion. And this 
is an end of ſuch vaſt importance, that the aged is thereby;placed, in a 
manner, upon a level with the young ; and enabled to read a common 
print, when by his naked fight he can hardly diſtinguiſh one letter from 
another. By the help of glaſſes, the purblind, whoſe ſphere of diſtin 
viſion ſcarce extends the length of his arm, has his ſight extended to the 
greateſt diſtances : And it is owing to the ſame help, that many of the 
arts have been brought to that great perfection they now are in. 


146. The long-lighted eye receives greater benefit from a convex >... 34:14; 
lens, than the ſhort- ſighted does from one that is concave. For an ob- ce receives 
. . . more benefit 
ject ſeen through a convex lens, is not only magnified ; but alſo the eye h, glaftes, 
receives a larger pencil of light from each viſible point, becauſe the rays than the 
enter it leſs diverging. On the other hand, a concave lens not only Myepica!, 


diminiſhes objects, but alſo renders them darker ; for the rays coming 
8 o 
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to the eye more diverging, the pupil cannot receive ſo many of them, 
as otherwiſe it would : And hence it is, that Myopes cannot ſee remote 
objects, unleſs they be very large and bright, ſo well through a con- 
cave lens, as the theory of the images being upon the retina, may ſeem 
to promiſe. For the principal impediments to diſtinct viſion of remote 
objects, * being their want of light and magnitude ; both theſe wants 
are, by the concave lens, ſtill increaſed. 


147. Thoſe ſpectacles are the moſt proper, whoſe glaſſes are the leaſt 
convex, or leaſt concave, of any that will anſwer the purpoſe. For 
the leaſt convex will accuſtom the long- ſighted eye, to that conforma- 
tion which is proper for ſeeing objects as near as it can; and fo may 
prevent the eye from growing more long-ſighted. In like manner, 
the leaſt concave glaſs accuſtoms the ſhort-ſighted eye, for viſion, at as 
great a diſtance as it can. Having fixed upon 'the proper focal length 
of the glaſſes, it is ſcarce needful to add, that the next thing is to chuſe 
thoſe that ſhew objects the cleareſt ; and this is beſt determined by a 
compariſon of ſeveral together. There are divers methods of fixing 
ſpectacles to the head ; but it ſeems to me, that thoſe which have 


{ſprings for embracing the temples, are the moſt convenient. 


148. A reading glaſs is a broad lens, fixed in a frame, having a con- 
venient handle to hold it by: The theory of ſuch glaſſes is ſcarce diffe- 
rent from that of ſpectacles, excepting what ariſes on account of the one 
being commonly held about midway between the eyes and the object. 
But tor all purpoſes, ſpectacles are undoubtedly the moſt convenient; 
not only becauſe the ſpace between the face and the object is left open 
and free, and alſo each hand is at liberty ; both which are advantages 
in writing, and ſtill more in working: but alſo they are inſenſibly mo- 
ved, by the natural motion of the head, without any kind of trouble. 
Snectacles alſo ſhe objects clearer, and diſtincter, than a broad lens; be- 
cauſe their glaſſes are thinner, and placed exactly before each eye. 


149. It is a common received opinion, that looking through glaſſes 
is detrimental to the eyes: But, I think, this opinion is ſo far from be- 
ing true, that to thoſe who want them, ſpectacles having glaſſes of pro- 
per figures, may contribute to preſerve the eyes longer, as they take a- 
way the necefiity of ſtraining them too much. However, ſpectacles 
ſhould not be uſcd but in ſuch caſes, that diſtin& viſion cannot be had 
without them. Without this caution, the eyes may become long or 
ſhort-tighted, ſooner than otherwiſe they would; and to prevent this in- 
conveniency, the beſt remedy is frequently to look with the naked eye 
at objects at all ſuch different diſtances, as we can ſee tolerably diſtinct ; 
and alſo to look ſometimes through glaſſes of different figures. 


PROP. 


CEC 
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150. To ſuit a given eye with proper ſpectacles : Or, to find a lens that 
will enable a given eye, to ſee diſtinily at a given diſtance. 


Let Og be the leaſt diſtance of diſtinct viſion to a long-ſighted eye, Fig.24,2-. 
and tie greateſt to a ſhort-ſighted eye; and let OQ be that diſtance, 
+ at which each eye would ſee diſtinctly, 


1. To find a convex lens for the long- ſighted eye; fay, Fig. 24. 
Q: QO::QO: QE; and place F from Q towards 4. 4s 
2. To find a concave lens, for the ſhort-ſighted eye; ſay, 
Q: 9O ::4O : F; and place F from q towards Q. 
And in both caſes, OF will be the focal length of the lens required, 


For rays diverging from Q, will after refraction * diverge from 4. * 227. I. 
Therefore, Cc. 2. E. D. 


151. Schl. 1. In the above caſes, OQ is the neareſt diſtance of diſ- 
tinct viſion through the convex lens, and the remoteſt through the 
concave, For Q and q* moving both the ſame way, and ꝙ being the » 229, 1. 
neareſt point of diſtinct naked viſion in the one caſe, and the remoteſt 
in the other: If Q be brought nearer the convex lens, the refracted 
rays will diverge too much; and if Q be moved farther from the con- 
cave lens, the refracted rays will diverge too little; and ſo in both caſes 
viſion will be confuſed, 


But, the præſbytical eye can ſee an object diſtin, at a ſomewhat 
greater diſtance than Q; and even as far as F, or beyond F, if it can ſee 
diſtinctly with parallel or converging rays. In like manner, the ſhort- 
lighted eye will be able to ſee diſtinctly, at a ſomewhat nearer diſtance 
than OQ ; according to the power it has of changing its configuration. 


152. Schol. 2. If a long-fighted perſon wants to ſee at no nearer di- Fig. 24. 
W ſtance than half O4 ; a convex lens whole focal length is Og will be the 

propereſt : for then Qq being equal to QO, the point F will fall upon 
9. If the above diſtance be greater than half Og, OF will be greater 4 


Fig. 25, 


than O7. R 
153. Schol. 3. If, as before, Og be the greateſt diſtance at which a Fig, 25. j 
ſhort=i'zhted perſon can, with his naked eye, ſee an object diſtinctly ; | # 


then 4 concave lens whoſe focal length is Og, will enable him to ſee 
objects diſtinctly at the greateſt diſtance, For ſuch a lens will refract 
parallel rays ſo as to diverge from 9. 


I 54. 


150 


Fig. 24. 
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1 54. Scbol. 4. A ſhort- ſighted perſon may eaſily determine by expe. 
riment, the fartheſt diſtance at which he can ſee diſtinctly; and fo, by 
the preceding theory, he may ſuit himſelf with a lens for any given 
purpoſe. But it is not ſo caſy for a long-ſighted perſon to find his 
neareſt point of diſtinct viſion; for to him the ſmallneſs of objects is 
a cauſe of indiſtinctneſs, that neceſſitates him to approach them nearer, 
than according to the theory of aberrations : And therefore he'll be apt 
to imagine the point ꝙ to be nigher than it really is; and fo the focal 
length OF, will be greater than that which is beſt ſuited for his purpoſe, 
In this caſe therefore, it is beſt to lay aſide theory, and to chuſe the 


147. II. glaſſes by trials only, remembring the cautions * before given. 


FROF. A. 


155. Having the neareſt diſtance diſtinct viſſon to each of two given 
eyes : To find a lens which ſhall put one eye in the ſame ſituation with 
the other, in reſpect of ſeeing cbjects at given diſtances ; the power 9 
changing the configuration in each being ſuppoſed equal, and neglefing 
alſo the conſideration of the loſs of light, and other imper fettions of the 


lens. 


Fig.24,25. Let Ogq and OQ reſpectively, be the neareft diſtance of diſtinct viſion 


to the eye A, and to any other given eye ; and let it be required to 
change the condition of the eye A, into that of the other ſhorter or 
longer-ſighted given eye. By the preceding Prop. find the focal 
length OF, of a convex or concave lens, according as the given eye is 
ſhorter or longer ſighted than the eye A; and becauſe rays diverging 
from Q, will after refraction by ſuch a lens diverge from 9; the point 
Q is alſo now the neareſt point of diſtin viſion to the eye A: Whence 
A hath now the fame degree of ſhort or long-ſightedneſs, with the o- 
ther given eye without a lens. Therefore, Sc. 2, E. I. 


Thus, if Og is 8 inches, OQ in the one caſe 4 inches, and in the o- 
ther 20 inches; the focal length of the convex lens that will cauſe the 
given ſhort-fightedneſs, will be 8 inches; and the concave lens that wil 
cauſe the given long-fightedneſs will have its focal length 144 inches. 
But though the caſes of the two eyes above, with reſpect to the aberra- 
tions upon their retina's, will be the ſame; yet the loſs of light and 
other imperfections of the lens, which cannot be here accounted for, 
will make a very great difference. 
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PROF. ML 
156. Having the limits of diſtinct naked viſion, to a given eye; to 


find the limits of diſtinct viſion through a given lens, to the ſame eye. 
Let Ag and Ar, be the greateſt and leaſt diſtance of diftin& viſion, Fig.2 5,26. 


to the eye A; and let OF be the focal length of the lens O, placed cloſe 
to the eye. To find QR the limited diſtance of diſtinct viſion through 
the faid lens; ſay, 

1. JF: 0 :: 90: Q; 

2. F: 10: : 10: R. And placing Q, R, the ſame way from 
ur, that F lies from O; that 1s, it the lens is concave, place Q, R, 
farther from it, if it be convex place them nearer to it, than the 
given points 9, 7 ; and OQ, OR, will be reſpectively the greateſt 
and leaſt diſtance of diſtinct viſion, through the given lens O. For rays 


ISI 


diverging from Q, R, will after refraction by the lens, diverge upon the = 228, J. 


eye, as from the focus's 9, 7, reſpectively ; and therefore the ſpace QR 
is the limited diſtance of diſtinct viſion, Q. E. J. 


157. Schol. 1. Take Of = OF: Now if the eye A can ſee diſtin&- Fig. 26. 


ly, with parallel rays ; it will be able to ſee diſtinctly through the lens 
O, as far as f : And if it can fee diſtinctly with rays converging, as to 
a point s, beyond F; ſay F: O:: 50: 58; and RS will now be the 
limit of diſtin& viſion through the given lens O: For rays diverging 


from 8, will after refraction by the lens, converge towards 5. The nearer * 227. I. 


is to F, the greater will be OS; and if s be in F, an object that is at 


an infinite diſtance, will appear diſtinct through the ſaid lens. 


158. Schol. 2. If the neareſt point 7 of diſtin& viſion to a ſhort- Fig. 25. 


lighted eye, biſects the line Og, the greateſt extent of diſtinct vition ; 
a concave lens whoſe focal length is Og, will enable that eye to ſee dit- 
tinctly at all diſtances, from 9 onwards to infinity. 


For parallel rays, will after refraction by the lens, diverge from 7; 
and becauſe F (79) =rO, the point R will fall in g. 


And if when O: Or :: 2: 1, OF be greater than Og ; then OR will 


be leſs than Og. 
159. Schol. 3. To the fame eye, the extent of diſtinct viſion QR, Fig. 23, 20. 


through a given concave lens, is greater than through a convex lens of 


equal focal length. 
In jig. 25. ſuppoſe a point / taken beyond the eye in the axis Oy 


* 


| produced, ſo that OF OF; then in both fig. it will be, | 


F: QF :: OF: M: 
F: OF:: OF: FR; and therefore F: F:: FR: fQ; and 
F: r (rF o oF): /R: QR (/Q@FR). 


Whence 
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Whence it is ſufficie rtly manifeſt, that QR, fg. 25. muſt be greater than 
QR, fig. 26. Q,1.D. 
160. Schol. 4. In all that has been obſerved in the preceding propy. 


fitions about viſion through lenſes, the places of the geometrical image; 


* 95, 97.11. 


Apparent diſ- 
tance and 
magnitude, 
what. 


— 


Ii viſion a vi- 
ſible place and 
extenſion al 
ways jommed 
together. 


Apparent diſ- 
tance, an idea 
of a definite 
thing. 


were ſuppoſed to coincide with the retina; but as a preciſe union of 
the rays upon th: retina is not neceſſary for diſtinct vific!: ; fo the ex. 
tent of diſtinct v ion through lenſes, will be ſomewhat greater than ac- 
cording to the receding theory. 


$. 4. Cf a parent places and marnitudes of objefts. 


161. Def, Diſtance and magnitude, are relative terms; that is, 
ſuch a diſtance, and ſuch a wiugnitude is great or ſmall, according to 
the relation which each bears to that ſtandard meaſure, to which it i; 
compared. Apparent d:/tance is that viſible extenſion that ſeems to lie 
betwixt us and tae object, compared to ſome ſtandard meaſure ; and as 
it appears in the ſimple act of viſion, abſtracted from the judgment 
we might otherwiſe make from prænotions of the real diſtance. The 
apparent diſtance of the moon, for inſtance, 1s the length of an ima- 
ginary line that would reach from that place where the moon ſeems 
to be, to the ſpectator : This apparent extent is certainly not many 
hundred yards, though we know the moon is many thouſands of miles 
off: And the apparent diſtances properly ſo called of remote land-ob- 
jects, are alſo much leſs than at firſt might be imagined. In like man- 
ner, apparent magnitude of an object, is its viſible ſize or extenſion 
compared to ſome real meaſure, Thus, the diameter of the moon 
ſcems to be about a foot. 


162. It is very certain, that every viſible object appears in a determi- 
nate place, and as having a determinate magnitude as well as figure: 
So that the ideas of locality and extenſion, are inſeparable from that 
of viſibility ; and theſe ideas are ſo intimately connected together, that 
a miſtake in our eſtimate of the one, never fails to create a miſtake in our 
eſtimate of the other. The greater, for inſtance, is the apparent diſtance 
of an object ſubtending a given angle, the greater alſo will be its appa- 
rent magnitude: For, of two objects ſubtending equal angles at the eye, 
we know, as it were intuitively, that the remoteſt object isthelargeſt; and 
we inſtantly, and imperceptibly to ourſelves, form an idea according]y. 


163. It has been rightly obſerved, that diſtance, of itſelf and imme- 
diately, is imperceptible ; for it being only a mathematical line directed 
endwiſe tothe eye, it can have no image upon the retina ; or, it we 
conſider it as a phylical line, its image on the retina will be only? 

point, 
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point, which point will be invariably the ſame for all diſtances. But it 
; not diſtance in the abſtract, but the diſtance of objects that we are 
to conſider ; and it is very certain, that all objects have their viſible 
or apparent diſtance, which we can compare groſsly to ſome known 
and ſtated meaſure. The faid viſible diſtance, during the act of viſion, 
either remains fixed and unalterable in the mind ; or, if it ſeems to en- 
large or contract, it will ſeem at the ſame time to have more or fewer 
parts of certain ſtated lengths. So that viſible or apparent diſtance is 
an idea of a definite thing ; however inadequate it may be in ſome 
caſes, to the real diſtance. 


164. It is yet very certain, that the ideas of viſible diſtances and vi- Ideas of di- 


153 


ſible magnitudes, are not innate, but the reſult of experience. As ſuch ftance and 


a particular ſenſation had formerly been obſerved, to be cauſed by an 


magnitude, 
acquired by 


object having ſuch a particular diſtance, magnitude, colour, brightneſs, experience. 


&c. ſo when the like caſe happens again, we form an idea accordingly. 
Viſible magnitude depends 7 — the viſible diſtance and the viſual angle, 
both together: But viſible diſtance ſeems to be independent of both the 
other two; and as therefore it ſeems neceſſary, that in viſion the idea 
of viſible diſtance ſhould be formed previous to that of magnitude; it 
is very likely that the fact is ſo, though theſe two ideas croud ſo cloſe- 
ly together, that it is impofſfible to diſting uiſh which of the two was firſt 
produced. There is yet another reaſon, why we ſhould conſider di- 
ſtance firft ; and that is, that we may adapt our eyes properly for diſtinct 
viſion. But, as above obſerved, theſe things are too quick and tranſient, 
to be perceived by us. 


The different appearances of objects, furniſh us with ſeveral means 
whereby to form our ideas of their diſtances ; and we undoubtedly 
make uſe of all the helps that occur at the fame time : But it is con- 
venient to conſider them apart; and I ſhall begin with thoſe that re- 
ſult from the motions we give our eyes, in order to ſee as diſtinctly 
as we are able. 


165. Schol. But before we proceed any farther, let it be obſerved here, 
once for all, that when we ſpeak of an optic angle, focus of a pencil of 
rays, or viſual angle. 1. It is not meant, that we ſee the point of con- 
currence of the two optic axes, theſe axes being nothing but imaginary 
lines: But nevertheleſs, as on the account of different diſtances, we give 
our eyes different inclinations; ſo by experience, we learn from the 
ſenſations accompanying thoſe motions of our eyes, to judge of ſuch 
diſtances as are not very great in proportion to the diſtance between 
the two pupils : And as the above inclinations are always analogous to 
to the optic angle, ſo we expreſs * by that angle. 2. In like manner, 

the 


„„ 
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the eye does not ſee a pencil of rays; but whilſt the breadth of the 
pupil, bears a ſenſible proportion to the diſtance of the focus from 
whence the rays diverge to the eye, we have peculiar ſenſations, which 
from the experience we have had, inform us pretty nearly of the place 
of that focus. 3. So when we ſpeak of a v!/ual angle, it is not meant 
that the eye meaſures that angle, as with an inſtrument : But the mag- 
nitude of an image upon the retina, being always proportional to that 
of the viſual angle of the object; ſo the difference of ſenlations 
accompanying different degrees of the one, enable us to judge of diffe- 
rent degrees of the other. Thus, we ſee that lines and angles in optics, 
are not only uſeful for communicating our ideas to one another, but they 
are alſo not without their foundation in nature. 


I. The change of conformation in the eye, is one of the means whereby 
awe are enabled to judge of ſmall diſtances, 


166. In viewing objects at ſuch ſmall and different diſtances, that the 
breadth of the pupil bears a ſenſible proportion thereto, or objects that 
are within about arm's length of us; at every ſenſible change of 
diſtance, the eye muſt alſo change its conformation for procuring di- 
ſtin& viſion, As if the eye is adapted for ſecing diſtinctly at 8 inches 
diſtance ; it muſt gradually change its figure, to bring upon the retina 
the images of objects that are more remote. And thus, if we were ac- 
cuſtomed to look attentively at. objects, with one eye only ; it is very 
likely, that the changes made in the eye upon theſe occaſions, would 
be ſenſible enough, after repeated trials, to enable us to judge pretty 
accurately of the different degrees of ſmall diſtances. But for want of 
experience, a perſon at firſt making the trial, will be ſubje& to ſome 
{mall miſtakes ; as has been obſerved, if a perſon, having the uſe of 
both eyes, attempts to thread a needle with one eye ſhut. However, 
it does not follow from that experiment, that a perſon in ſuch a ſitua- 
tion cannot diſtinguiſh the place of a near object within an inch or 
two ; and after a little practice, I think, that with one eye only, we 


can ſcarce ever miſtake + or at moſt + inch, in the ſituation of a near 
object. 


167. The above method of effimating diſtances, will not ſerve us be- 
yond a certain ſmall extent, not greater perhaps than about 20 or 30 
inches: For if beyond that diſtance, a line be ſuppoſed infinitely ex- 
tended, and in this line ſeveral points be confidered as the focus's of 
pencils of rays proceeding to the pupil; the difference of the degrees 
of divergency of the extreme rays in theſe pencils, will be inſenſible, 
and bear no proportion to the different diſtances of their focus's. And 


beſides in theſe caſes, there are other cauſes *that affect viſion, much more 


than 
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than the different inclinations of the rays. Hence it is, that when the di- 
ſtance of an image, ſeen through a lens with one eye only, is greater 
than about a foot or a foot and a half from the lens, we are ſo liable 
to err in our judgment of that diſtance. 


168. Sebel, As an object that is approached too nigh * will appear 
confuſed, and the nearer it is approached, the greater will be the con- 
fuſion : So in theſe caſes, by the different degrees of confuſedneſs, we 
may make an eſtimate of the different nearneſſes. Remote objects 
may alſo have the ſame apparent confuſedneſs, though from other 
quite different cauſes : But, I think, we can ſcarce ever miſtake a re- 
mote object to be within a finger's length of us ; and eſpecially if we 
uſe both our eyes, ſuch a miſtake will be next to impoſſible. | 


II. Inchnation of the optic axes, is another more ce tan means of di- 
fiinguiſhing degrees of ſmall diſtances. 

169. In viewing an object attentively with both eyes, we always di- 
rect the axis of each towards it; and the nearer is the obje&, or the 
point of concurrence of the two axes, the more, conſequently, they will 
be inclined to each other; and the more remote the object is, the leſs 
will be the ſaid inclination : The ſenſations accompanying the different 
degrees, of theſe inclinations of our eyes, together with thoſe of their dif- 
ferent conformations for ſeeing diſtinctly; ſeem to be ſufficient of them- 
ſelves, excluſive of other aid, to enable us to judge of ſmall diſtances, 
not exceeding a certain extent, pretty accurately. 


It is very certain, that difference of brightneſs and ſhades of objects, 
are circumſtances, which in many caſes affect our ideas of diſtance, But 
notwithſtanding the painter's art, if one approaches within a certain 
diſtance of his picture, he will perceive very plainly, that the whole 
lurtace is ſmooth and flat. In the painted hall at Greenwich, for inſtance, 
the pilaſters viewed at ſome yards diſtance, appear fluted ; but by ap- 
proaching them nigher, at a certain diftance, their ſurfaces appear 
imooth : Therefore one can perceive a ſmall difference in the di- 
ſtances of objects placed within this extent; and what is here to hel 
him, but the ſenſations he has from the different motions of his eyes ? 
To one that will make it, this experiment will enable him to determine 
that extent, within which he can judge to a given accuracy of different 


liſtances, by the above helps only. But the following experiment will 
be more deciſive. | 


Behind a ſcreen, place upright two or three objects a little ſideways 
of one another, and at little different diſtances from an horizontal lit 
made in the ſcreen. The objects may be cylindrical ſticks of different 


X 2 thickneſs, 
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thickneſs, and colouts ; and let them be fo diſpoſed, as their fizes, G.. 
may be maſt likely to deceive the ſpectator behind the ſcreen, in his 
notion of their diſtances. The flit in the ſcreen ſhould be ſo big, as to 
cauſe no manner of obſtruction to the light coming from the objects to 
the ſpeQator ; and it ſhould be alſo ſo limited, as to exclude all object 
from between it and thoſe deſigned for the experiment; that is, nei- 
ther the floor, or any covering above, or any objects to the right or leſt 
of the above-mentioned, ſhould be vifible. Things being thus difpoſed, 
and repeating the experiment ſeveral times, by changing the places of 
the objects, without the privity of the ſpectator beyond the fereen; 
you may deter ine pretty accurately, within what degrees he will be 
able thus to judge of different diſtances. An experiment to this pur- 
pole, may be eaſily made with a {mall looking-glaſs, inſtead of the above 


ſcreen. 
The above 170. Schol. The ſudden and exact eſtimates, we make of the diftances 
__—_ oye of images behind a ſpeculum, is a farther proof of what has been 


-vparen" Above advanced: For theſe images are generally attended with ſome 
ace of circumſtances, that rather tend to miſlead than to help us, in our eſti- 
9 mations of their diſtances. An image in a plain ſpeculum, is always 
darker than the object, and this might induce us to think it farther 

than it really is; but nevertheleſs, if it is not far, we never miſtake its 

diſtance, although it be detached from others, according to the condi- 

tions of the preceding experiment. The images of objects placed at 

. I. fome diſtance before a convex ſpeculum, are always very much d- 
minithed ; and fo they appear to a ſpectator: But notwithſtanding this 
diminution, if he is not above two yards from them, he will judge of 

their diſtances from the ſpeculum very accurately; or he will ſee them 

as near as can be eſtimated, in thoſe very places from whence the rays 

diverge. Let a plane ſpeculum be placed cloſe to the convex one; and 

the different diſtances of the images of the ſame objects in each, will be 

very remarkable; nor will it, from a near ſtation, be poſſible to fancy 


them ſo remote from the convex ſpeculum, as they are from the plane 
one. 


If I advance within 4 or 5 feet of an image, projected before a con- 
cave ſpeculum, I can define its place very preciſely ; and the image 1t- 
ſelf, though much ſmaller than the object, will appear very perfect 
and continue ſtill at the fame place, as I advance nigher : But on my 
retreating farther back than my firſt ſtation, I begin. to be leſs certain 
of its place; and the miſtake lics, in ſuppoſing it farther from me, than 
it really is: My faculty of diſtinguiſhing diſtance in this caſe, not being 
ſufficient to overcome the prejudice arifing from the greater faintuch, 
and other imperfections of the image. 


17. 


_ %.* - 
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171. From the preceding obſervations, I think, it is very manifeſt Limits within 
that with both our eyes we can diſtinguiſh, pretty accurately, the places A 
of objects that are not above five or ſix foot diſtance from us. And of our eyes, 
indeed it ſeems very neceſſary, that we ſhould have ſomething within e 3 : 
our ſelves, or ſome means that never forſake us, whereby we might 22 
unerringly judge of diſtances ſo very near us: Otherwiſe we might be :fnck. 
frequently in danger of our lives, without perceiving it; as well as ſub- 
ect to perpetual miſtakes, concerning objects fo near as within the reach 
of our arm. 

But as the diſtance becomes greater than 14 or 2 yards, we begin to 
be leſs certain in our eſtimations of it; and beyond 3 or 4 1 4 the 
means hitherto conſidered, ſeem to be of little or no help for aſcertain- 
ing the places of objects. For beyond that extent, the differences of the 

optic angles on the account of different diftances, are ſo very imall, as to 
iſtancez decome in a manner inſenſible. 


58 III. The length of the ground-plane, or the number of intervening parts 
ur eſti. ferceived in it, is another mean, by which we perceive diſtance. 


always 172. When the floor or ground on which we ftand, is uniformly 

farther W extended before us; in a line produced directly from us on this plane, 

take its ve can diſtinguiſh that ſuch ſucceſſive parts, as form ſenſible angles at 

> condi- W the eye, are ſucceſſive or one behind the other; and the greater number 

taced at of viſible parts the line contains, the greater conſequently is the viſible 

ach & extent of the whole. Let AB be the height of the eye above the ſtrait line Fig. 27. 
ling thi WW AC: Now if the viſual angles EBD, DBC are each of them about 

judge of W 2 13/7. the parts ED, DC will appear as two contiguous points, each 
ee them being a n himum 44/16ile : But if the ſaid angles are each ſenſibly greater 83. II. 
the rays W than 2 n. then three objects placed at E, D, C, may be diſtinguiſhed 
me; and as being ſituated one behind the other. 


173. An extent of ground lying before us, is itſelf properly an object, 1710 
to fancy the "ible length or 1 X which, is the vitble diſtance * — = 
he plane object placed at the farther end of it: The ſame obſervation is alſo juſt, uired. 
with reſpect to the ſide of a ſtrait wall, or hedge, Sc. In this caſe 
therefore diſtance is properly viſible, fince the intervening chain that 
meaſures it, is itſelf viſible: And it ſeems very probable, that from the 
experience we have had in meaſuring ſuch a viſible extent of floor or 
ground lying before us, by walking it over or otherwiſe, it is that we 
firſt have the idea of diſtance. This idea is ſo fixed, that all objects 
have their viſible diſtance, although nothing is perceived to intervene 
betwixt them and the fight. A near object directly facing us, is per- 
ceived to be within or without arm's length of us, or within the length 

of 
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of a ruler, containing a certain number of parts of a ſtated length; 
This judgment being made by the preceding methods of eſtimating dif. 


tance, 


A crow flying in the air has its viſible diſtance, how widely ſo- 


ever this may differ from the real diſtance ; that is, in all caſes, the yi. 
ſible diſtance ſeems to be a line having a definite length. 


Viſible di 


174. We have the ideas of viſible diſtances ſo early, that we remem- 


ſtance a fixed ber nothing of our having been ever without them: And theſe ideas are 


idea, and 
much the 
ſame to all 


people. thouſand miles off, her ap 


ſo firmly ſettled in our infancy, that our future experience does not 
afterwards ſenſibly alter them. Since I learned that the moon is many 
parent diſtance is to me, not a whit greater 


than it was before; nor did that new-acquired knowledge cauſe any 
The viſible magnitude of the ſky, 
and viſible diſtances in general of given objects, I imagine are much the 
ſame to all common eyes ; although for want of practice in meaſuring, 
and their being apt to confound the idea of viſible diſtance with pre- 
conceived notions of the real diſtance, people will differ in their eſti- 
mate as to the number of real feet or yards, &c. contained in ſuch a vi- 


alteration in her viſible magnitude, 


ſible extent. 


Thus, if a given viſible extent be conceived as being di- 


vided into a few number of equal parts, which may be called degrees; 
I take it, that moſt people will judge much alike of the places of the 
dividing points, and that perhaps nearly as well in proportion, as they 
would judge of the places of points, that divide a ruler into a like num- 
ber of equal parts: And if this be the caſe, it ſhews that viſible di- 
ſtance is much the ſame to different people, how widely ſoever they 


may differ in their notions of the real diſtance. 


Viſion a fa- 


175. Schol. It ſeems undoubtedly true, that all our ideas are acquired. 


culty, and in- But it ſeems as true, that ſeeing is learnt ſo perfectly in our infancy, 


dependent of 
the ſenſe cal- 
led feeling. 


that but little addition is made to it afterwards: Or, that viiible ideas, 
properly ſo called, or the appearances of objects during the act of vi- 


ſion, are much the ſame that they always have been *, ſo far back as 
our memory reaches. Viſion therefore cannot, with any propriety, be 
reckoned an art, as ſome would ſeem to make it ; ſince the appearances 
of objects are the ſame to the illiterate and the men of ſcience ; and alſo 
continue always much the ſame, unleſs it may be in ſome few uncom- 


mon caſes, which had not earlier occurred to us, 


The judgments we 


form concerning objects are ſubject to great variations, according to the 


* Ir ſeems as if our own ſtature is a kind of 
ſcale, to which we compare the magnitudes of 
objects: For it is certain, that in our infancy, 
the ſame things look bigger than they do after- 
wards ; and diminiſn as we grow up, ſeemingly 
in proportion as we have enl:rged our ſcale ; 
and that having done growing, things have much 
the ſame apparent magnitudes ever after. But 


greater 


this affects not what is above ſuggeſted ; for the 
p:oportions of apparent magnitudes of different 
objects, are not ſubject to theſe variations : How- 
ever, it ſeems to create a doubt, nt eaſy to be 
cleared, v. hether the ſame things do not appear 
Ia:ger to ſmall-Hzed people than they do to o- 


tlicrs : But this queſtion affects not the preſeut 


argument. 
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greater advances we make in knowledge: But it is not theſe rational 
ideas that are here conſidered. Viſion then is a faculty, which conveys 
an image to the mind, analogous to that upon the retina ; nor does it 
ſeem to be always founded upon prænotions from tangible ideas, or no- 
tions ariſing from feeling. How elſe could diſtorted images, as thoſe 
in cylindrical ſpeculums; objects ſeen in microſcopes ; diagrams drawn 
upon paper, the like of which we had never felt with our fingers ; how 
elſe, I fay, could theſe, and a thouſand other objects that are not tan- 
gible, be ſo like in their appearances to different people? Theſe in- 
ſtances ſeem to ſhew, that a perſon who never had had the uſe of his 
hands, would have the ſame viſible ideas with another; ſo far does it 
ſeem from . being true, that viſible ideas have that near connexion or 
dependance upon tangible ideas, which ſome have imagined. And in- 
deed, are not the ideas proceeding from each of our ſenſes, indepen- 


dent one of the other; however one idea may bring to memory, 
another 1dea peculiar to a difterent ſenſe ? 


176. If an indefinite line, extended from the foot of a ſpectator di- There is a 
rely before him, be divided into equal parts, as yards, Fc. the viſual certain extent 
angles ſubtended by theſe parts continually diminiſh, as the ſaid parts * wo 
are at a greater diſtance. Yet there is a certain extent, within which, ſtance is ade- 
ible diſtance differs not ſenſibly from real diſtance : That is, if a line gu = 
of the ſaid extent be divided into a ſmall number of equal parts, the 
vitble or ſeeming length of the remoteſt part, will not be much leſs. 
than that of the neareſt, This extent, in moſt caſes, I do not take to 
de much leſs or much more, than about ten yards; and if a line of that 
length, drawn upon an even floor, be divided into 10 equal parts, di- 
ſtinguiſhed by little ſtones or bits of paper, and a ſpectator ſtands at one 
end of the line ; the firſt yard or part, will not appear much bigger 
than the remoteſt ; although it is very certain, that to a perſon of a 
common ſtature, . ſtanding upright at the end of an horizontal line, the 
two firſt yards of it ſubtend a larger angle, than the reſt of the line 
would, if it was infinitely extended. 


177. An indefinite line being extended obliquely before the eye, and The nearnets 
divided into equal parts, as above; the viſible extent of thoſe parts that ue we £2 
are beyond the limit above-conſidered, continually diminiſh, and that ae Tag 
aſter and faſter the more remote they are; ſo us beyond a certain limit, ſtances in 
al objects have the ſame viſible diſtance fron: the eye, how great ſo- 5b a 
fer the differences may be of their real diitar.ces. There are ſeveral | 
auſes which, as they occur, tend to lengthen or ſhorten the apparent 
extent, of the ſame real extent. But in order co make ſome eſtimate 
of the nearneſs, that we can diſtinguith degrecs ui Arent diſtances ; let 
s luppoſe this nearneſs at a medium, to be as tac lengths of the leaſt 


vilible 
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viſible parts, taken at given diſtances in an horizontal line uniformly gr 

Fig. 27. extended before a ſpectator of a given ſtature. Let AC be that indefi. ar. 
nite horizontal line, AB the height of the eye, ſuppoſe 54 foot; and er 
ſuppoſe the minimum vi/ibile, or the angle ſubtended by the leaſt viſi- co 

ble part, to be 2 minutes. Now, if the 4 E Be==2 Nin. and the di- the 

ſtance AE be 10, 20, or 50 yards; the leaſt viſible part E e will be ac- ab 
cordingly about 1+ inch, 4x inches, or 29 inches; and therefore in ve; 

the reſpective caſes, theſe lengths are the leaſt differences of real di- of 

ſtances, that can be perceived by the eye. If the 4 GBC== 2 mn. and aft 

AG be ſuppoſed 100 yards, the leaſt viſible part G C will be near 10 vel 

foot; and ſo beyond 100 yards, the vifible falls very ſhort of the real it! 

diſtance, If AG be+ or + of a mile, GC will be accordingly 71 it 1 

yards, or 347 yards; which laſt number is above 1+ furlong. And em 
therefore two objects, whereaf one is at + a mile, and the other a MW ci 

3 mile diſtance from a ſpectator, will ſeem very near together. When pre 

AG is + mile, the + AGB SH BG is leſs than 15'; and when AG is fec 

+ mile, the ſaid J is only about 7: So that if the line AG be infinitely inte 
extended, all beyond G in the one caſe, would not contain above 8 vi- wh 

ſible points ; and in the other, it would not contain 4 viſible points. to 

If the part AG he W 3151 yards, which is about 14 mile, all 

the line beyond G, if it be infinitely extended, will ſubtend an I at ſcu 

BD 2, and therefore will be a mum viſibile. wil 

Viſible extent 178. Schol. 1, If in a plane paſting through AB, a given line DF be app 
of Se ſeen very obliquely by an eye at B; the viſual angle DBF, will be as part 
height of the AB, the height of the eye above the line D F produced to A, nearly. 1 
__ Draw F parallel to AB: Now the triangles DF, DAB being ſi real 
Fig. 27. milar, and their baſes DF, DA being invariable ; the ratio of F 5 to loo] 
AB will be alſo invariable : But the Z DBF will be as Fs, nearly, WW An 
Therefore, Sc. Q. E. D. oft 

Viſible a. 179. Schl. 2. It is manifeſt from obſervations, as well as from the the 
cance ous * reaſon of the thing, that a given extent appears longer, according as It | ther 
cauſes. contains a greater number of viſible parts: And hence two remote ec 
and equal diſtances may appear very unequal, according to the diffe- | 

rent circumſtances of the intervening parts, and as the ſpectator is dif- bert 

ferently elevated. Thus, by the preceding, a given part of an extended be a 

plane contains a greater number of vifible parts, and therefore the oblit 

whole made of the collective parts, appears longer, according to the W b 

greater elevation of the eye: But without regarding the differences upon MW it 

this account, let the ſpectator have a given ſtation, or ſtand upon even Me 

ground, and there will be many circumſtances, which may vary the a 

eve 


apparent or viſible diſtances. Thus, a hedge having in it ſeveral grown 
trees, generally looks longer than a clipt hedge, or the ſame extent : 
groun 
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ground in the open field; becauſe the ſeveral parts of the uneven hedge 
are more remarkable and perceptible, than the like ſpaces upon the 
even ſurface of the ground. For the ſame reaſon, a row of houſes, 
columns, or trees regularly planted, appear longer than a plain wall of 
the ſame extent: For, here we have not only more viſible and remark- 
able parts in the one caſe, but our prez-knowledge of the ſeveral inter- 
vening objects being equidiſtant, tends to protract the apparent length 
of the whole chain ſtill longer. A river at firſt, looks not fo broad, as 
after we have had a fide-view of the bridge acroſs it: And indeed, a gi- 
ven extent of water; does not appear ſo long as the ſame extent of land ; 
it being more difficult to diſtinguiſh parts in the ſurface of the one, than 
it is in the ſurface of the other. In like manner, a village ſeen from an 
eminence, appears farther,. as a greater number of fields, Sc. are per- 
ceived to intervene : For the hedges being remarkable objects, and the 
preciſe breadths of the ſeveral fields unknown ; their greater number af- 
tes the idea of viſible diſtance. And univerſally, a greater number of 
intervening objects, all other circumſtances being the ſame, render the 
whole apparent diſtance always greater ; but not greater in proportion 
to that number. bes E . 

180. Again, when part of the intervening chain is inviſible, or ob- A los of part 
ſcurely ſeen ; the apparent diſtances of objects that are beyond that part, of the inter- 
will be accordingly leſs. Thus, a certain extent of rough uneven ground, j.q..> the w. 
appears ſhorter than the ſame extent of plain ground; the prominent ſible diſtance. 
parts hiding the cavities behind them, the whole apparent diſtance is 
lo much the leſs, by the loſs of thoſe inviſible parts. For the ſame 
reaſon, the brow of an hill, ſeen over the top of another, frequently 
looks nearer, than it does after the vale between preſents itſelf to view. 
And the banks of a river at ſome diſtance, will ſeem contiguous, if none 
of the ſurface of the river is viſible. Theſe obſervations regard only 
the apparent diſtances of objects that are beyond a certain limit; for. 
there is a limit, within which the apparent diſtance will not be ſenſibly 
affected, by the interpoſition of a viſible chain. 


181. An aſcent, as at AT or DT, ſeen from B, contains more viſible An aſcending 
parts than an equal extent, AC or DC, upon a level; ſuppoſing each to ons wi Hagel 
be alike even and ſmooth ſurfaces. For the aſcending plane being leſs deus piane of 
vblique to the eye at B, than the horizontal plane AC; each ſucceſſive the fame ex- 
part of the one, ſubtends greater viſual angles, than the. correſponding 
parts of the other. And hence, an aſcent appears longer, than the fame Fig. 27. 
extent of level ground; and eſpecially, an aſcent DT at a conſiderable 
diftance from the eye, appears much longer than the ſame extent of 
level DC, at a like diſtance, And, within a certain limit, the greater 
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An horizontal 


plane ſeems 
to aſcend. 


Fig. 27. 


2178. II. 


Pheromena 
of the cieling 
and ſides of a 
long gallery, 
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is the acclivity, or the 4. CDT, the greater will DT appear. For the 
ſame reaſon, a deſcending plane appears ſhorter, than an horizontal 
plane of the ſame extent. However, the apparent lengths of thoſe cor. 
reſponding parts, will not be exactly in the ratio's of the viſual angles, 
for we generally make ſome allowances, though ſeldom or never enough, 


on account of the different inclinations of thoſe planes with reſpe& to 


the horizon. 


Before we proceed any farther on the ſubject of apparent diſtance, | 


it will not be amiſs to make a few obſervations on the appearances of 
planes in given poſitions. | | 


182. An horizontal plane AC ſeems to aſcend, for ſame diſtance off 
from the ſpectator. For the viſual rays cut a perpendicular, EI, to the 
horizon, in points that are higher and higher, or nearer to the horizon- | 


tal line BH, according as they. belong 
are more remote from A; and the 1 


to points in the line AC, that 
es of the more and more re- 


mote parts, having the like ſituations upon the retina, as the images of | 


objects having greater and greater elevations, we form an idea of a gra- 


dual aſcent accordingly. And becauſe the greater is AB, or the higher | 
angles formed by the ſuc- 


is the point B, the *greater will be the viſual 
ceſſive parts of AC; ſo alſo, the greater will be the apparent aſcent of 
AC. The apparent aſcent of the ſea, to a perſon ſtanding on the ſhore 
is in ſome caſes ſo remarkable, that one might expect to ſee it come 
rolling towards him, and overflow its banks. 


183. It is for a like reaſon as the above, that a cieling, as ML, ap- 
pears to deſcend gradually towards the horizontal line BH; and that 
faſter than the floor aſcends, in proportion as BM is 
In like manner the ſides of a long room, or two parallel rows of trees, 
as AC, ML, ſeem to a ſpectator ſtanding between them, to converge 
towards the farther end ; and that fide which is fartheſt, will ſeem to 


converge the moſt. 


But as the viſual angles EBF, FBD, &c. ſubtended by the equal 
parts EF, FD, Cc. continually diminiſh, the more remote thoſe parts 


are from AB; ſo the two parallel lines ML, AC, ſeem leſs and leſs 


inclined to the line BH, the farther they are extended ; and inftead of 
appearing ſtrait lines tending towards a certain remote point, they ſeem 
more like the legs of two hyperbala's converging towards the line 
BH. And hence, a long horizontal floor or plane, and the cieling 
over it, ſeem convex towards the eye; or to aſcend and deſcend te- 


ſpectively leſs and leſs, the farther they are extended. 


184 


greater than BA. 


þ - 
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184. Again, a tall upright pillar, or the wall of a high building, as Why an up- 
AC, will ſeem to lean forward to an eye at B, towards the ue NA right buildirg 


ſeems to leam 


BH. But this phenomenon may be partly owing to another cauſe : forward. 


The centers of the images of objects, that we directly look at, are always 
in the axis of the eye, or upon the fame point of the retina ; and we 
judge of the ſituations of objects in oblique directions, according to the 
ſituations of their images, with reſpect to that fixed point in the eye. 
In looking upwards, after inclining our heads all we can, we are apt 


ance 
_ of to imagine that we have brought the axes of our eyes to point towards 
| the zenith ; but this not being the caſe, our eyes looking forwards 
many degrees from it ; whatever is in the zenith, ſeems to be as many | 
e of, degrees behind us. And this accounts for the miſtakes, that people ge- : 
K the nerally are apt to be under, concerning the altitudes of ſtars having very 
7. high elevations. 
» that 
hes IV. Different degrees of apparent diſtances are ſuggeſted, by the diffe- 
ges of rent be of known objects, or by the known — of 2 | 
11 kaſt vifible parts. | 
7 2 18 5. As objects become more and more remote, we continually loſe 0 
ent of ſight of parts that are in themſelves ſtill bigger and bigger; and theſe 
ſhore loſſes perpetually vary the countenances of objects, ſo as, within a cer- 
come tain limit, to afford us means of diſtinguiſhing different degrees of diſ- 
tances. Thus, when I am at the neareſt diſtance of diſtin& viſion 
| from a given object, its ſmalleſt viſible parts, and the little wholes made 
L, 955 up of theſe, are then moſt diſtinct of all: But, as I retreat farther back, 
d nA the ſmaller parts become firſt indiſtinct, then vaniſh ; afterwards theſe 
n W ze ſucceeded by others that are larger, which after the ſame manner 
f trees dwindle away, and become abſorbed in greater ones. And as thus I am 
nvers* WW continually loſing fight of more and more parts, till at length they are 
as all abſorbed in one confuſed and ill-defined whole ; ſo from the experi- 
ence I have had in like caſes, thoſe different appearances of the object, 
equal which may be called different degrees of diſtinctneſs, ſuggeſt to me the 
ſe part reſpective degrees of real diſtances. 
” 2 186. Schol. 1. Obſervations of the above kind, are the moſt univer- 
677 Be fal means we have, and in ſome caſes the ſureſt, far diſcovering degrees 
7 "nl of real diſtances : And the judgments we form of the real diſtances of 
en ng remote objects, ſeem in ſome meature to affect the idea of viſible or 
5 e- Pparent diftance, properly ſo called. It is very probable, that general- 
os ly, the greateſt apparent diſtance is not many ſcore yards ; yet we can- 
dot help fancying, that a building, none of whoſe parts are diſcernible, 
184 appears much farther than another, whoſe windows and doors are vi- 
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ſible ; and this other likewiſe appears-farther than a houſe, having viſible 
parts which are known. to be ſtill ſmaller ; as the bricks in the wall, 
tiles on the roof, &c, In like manner, the different appearances of 
trees, animals, &c. as they are means which ſuggeſt different degrees 
of real diſtance ; ſo they alſo cauſe ſome difference in the apparent 
diſtances. . | 


187. Schol. 2. The occurrence of objects of unuſual magnitudes, and 
detached as it were from others, by their remarkable heights, &c. ſome. 
times miſlead us in our judgment of diſtances ; the greater magnitude 
ſuggeſting the nearer diſtance. Thus, of two unequal ſteeples or towers, 
wide of one another, but at about the ſame diſtance from a ſpectator 
who. is a ſtranger in the country, the larger tower may appear neareſt ; 
and in conſequence of this miſtake, houſes or cattle that are near the 
larger, will appear ſmaller than others of the ſame ſize, near the other 
tower. In like manner, whenever we fee a remarkable object afar off, 
whoſe real magnitude is much greater than common, or than we ima- 
gine it to be; we are apt from thence to imagine it nigher than it really 
is. But theſe are particular caſes, which ſeldom happen ; and when 
they do, we are rarely left without ſome other helps, whereby theſe 
miſtakes might be corrected. 


V. All other things berng the ſame, different colours and degrees of 
brightneſs of objects, cauſe a difference of apparent diſtances. 


188. As objects become more and more remote, the light proceed- 
ing from their leaſt viſible parts is continually diminiſhed by the hete- 


rogeneity of the intervening medium; ſo they appear gradually more 


faint, languid, and obſcure: Alſo their colours not only loſe of their 
luſtre, but likewiſe degenerate from their native hue, and participate 
more of the blueiſh colour of the ſky, as the rays have paſſed through 
a greater body of air, or as the images upon the retina are tinged with 
a greater proportion of ſky-light. Thete different appearances are of 
help to us in judging of degrees of real diſtances, of known objects; 
and fo they affect the ideas of apparent diſtances ; thoſe objects that are 
brighteſt, and whoſe colours are moſt vivid, appearing neareſt. 


189. Schol. 1. By the above method of eſtimating diſtances, we are 
alſo ſubjected to frequent miſtakes ; ſince objects at a given diftance 
will appear farther, the darker and more obſcure they are : And allo, 
the ſame objects, and at the ſame diſtances, will ſeem nearer or farther, 
25 the weather is more or leſs ſerene. Thus, in foggy weather, all ob- 
jects ſeem farther than ordinary: The diminution Flight in that caſe, 


anſwering to that on account of greater diſtance, we are miſ-led _ 
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dingly. A weſterly landſcape in a clear morning, with the ſun upon 
it, ſeems. nearer than it does, when the ſun is higher up, or more 
weſterly: That aſpect of the ſun being the moſt advantageous for il- 
luminating the objects, they appear brighter, and. therefore nearer. - 
To which may be added, that the air being leſs illuminated in the 
morning, than when the ſun is higher up, is another cauſe that favours 
the phenomenon. The diſpoſitions of the clouds, alſo affect the appa- 
rent brightneſs of objects; ſo that the different caſes that may affect 
the apparency of the diſtances of remote objects, are innumerable. And 
the miſtakes we fall into, on account of different circumſtances of bright- 
neſs, are undeniable proofs, that the degrees of brightneſs of objects, 
have their ſhare in forming our ideas of remote diſtances. 3 


ro. Schol. 2. From the ſeveral preceding obſervations, it appears, 
that after joining together all the helps we can have, our eftimations of 
diſtances, beyond a certain limit, are groſs and uncertain ; and this 
limit alſo varies in different circumſtances. And the more certain 
eſtimates we always make of near diſtances, ſeems, as has been before 
obſerved, to prove that in theſe caſes, the ideas are principally formed 
from the motion of our eyes; otherwiſe the different colours and bright- 
neſs of objects, and alſo the magnitudes of ſuch as we had not ſeen be- 
fore, would lead us into perpetual miſtakes : And the leaſt viſible parts 
of unknown objects, can furniſh nothing to conjecture from. 


apparent diſtances of the extremes from the eye; ſo by miſtaking the took, ard 
neareſt extreme or object to be the remoteſt, which may frequently . 
happen, we alſo miſtake the ſituation, with reſpect to right and left, 
of the fide next towards us; and the more is the real obliquity, the 
more liable we are to commit theſe miſtakes. Let A, B, C, D, be a row Fig. 2. 
of lamps, trees, columns, the arches of a bridge, c. Now if a ſpec- 
ator at O, happens to imagine the neareſt object A, to be the remoteſt, 
8ata; he will conſequently imagine all the reſt to be at 5, c, d, in a 

line extended on his right hand, contrary to the ſituation of the line 
AD, which here is to his left T: And fo whilft he is under the above 
miſtake, if he ſees a body moving from A towatds D, it will appear to 
him to take a quite different courſe, as from à towards d. The poſi- 
non of the line @ 4 will be variable, according to the imaginary. pro- 
portion of Oa to Od. For the viſual angles AOB, BOC, COD will 
be the ſame, wherever in the lines OA, OB, OC, OD, the points a, , 
(, d, be taken. | 

IQ2, 
} The learned and worthy preſident of the Royal Society, MarTiN Forks Eſq; is the an 
of the above ſolution. 


191. Schol, 3. As the apparent ſituation, in reſpect of the optic axis, Thefituations 


of a broad object, or of a row of ſeveral objects, is according to the * 
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192. When the object is but of ſmall extent, in proportion. to its 
diſtance from the ſpectator, it is ſo much the more difficult to deter. 
mine its true poſition. And hence, beyond a certain diftance, we are 
very liable to miſtake the poſition of a weather-cock, the fly or fails of 
a windmill, &c. and conſequently to miſtake the courſe of their circular 

Fig. 29, motion. Thus, if 1 at O, ſituated nearly in the plane of the ſails, 
AE, CF, imagines the neareſt end A, of the fail AE, to be the remoteſt, | 
and the real motion of the fails be according to the order of the letters | 
ABCDE : Now when A is got to B, it will ſeem in D, as if it had 
moved from E to D; and ſo the fail ſeems to go round according to 
the order of the letters EDCBA, contrary to the true courſe of its mo- 

tion. This deception is ſo ſtrong, that it is frequently an even wager, 
that one miſtakes the true courſe of the above circular motion. We 
are alſo liable to the ſame miſtakes, and that for the ſame cauſe, as to 
the circular courſe of a branch or hoop of lighted candles, turned round 
at ſame diſtance. | 


Greateſt ap- 193. Before we diſmiſs this ſubject, it will not be amiſs to make 
parent di- an enquiry concerning the limit or extent at a medium, of the greateſt 
1 ent diſtance, It is very certain, that no objects appear farther 
the horizon. the viſible horizon 3 and alſo, that the horizon itſelf Appears far- 
theſt, when the whole intermediate tract of land is viſible. But as that 
* 179, 180, Viſible extent will be different, according to the height of the ſpectator; | 
181, II. *the evenneſs or roughneſs of the ground; as the ground lies either level, 
aſcending, or deſcending : Let us ſuppoſe a ſpectator of a common 
ſtature, to ſtand in the midſt of an indefinite horizontal plane, and the 
177. I. viſible diſtance of the horizon will be“ leſs than two miles; ſuppoſing 
the leaſt viſible angle to be 2 min. and in the preſent caſe, we may ra- 
ther ſuppoſe that angle to be more inſtead of leſs. But as the ap- 
pearance of the diſtance, upon which the above calculus is founded, is 
itſelf contracted ; the apparent diſtance of the horizon muſt be {till lef- 
ſen'd ; and, from what has been already obſcrved, it cannot ſenſibly ex- 
Fig. 279, ceed a quarter of a mile. Let AC be an indefinite horizontal plane, 
AB the height of the eye 55 foot, the leaſt viſible angle = 2, AG 
100 yards, CG 1 yard; a2 , ſuppoſe GC appears from B, equal to 2 
foot, at a near diſtance ; Now the 4 AGB = GBH is only 63“; and 
therefore upon the preſent ſuppoſition, the greateſt diſtance beyond G, 
would be viſibly not above 3145 feet. If we begin our calculation from 
a lefler diſtance, the whole apparent diſtance will be ſtill leſs, ſo as to 
fall far ſhort of 100 yards, and even ſo as not to exceed half that length. 
© 136, II. This at firſt fight, will ſeem ſurpriſing to moſt people; and, as“ betoie 
obſerved, it is not unlikely, but that a pre-conceived notion of a greater 
diſtance, may in ſome meaſure affect the idea of apparent _— 
720 ut 
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But to throw afide all doubt that might ariſe, from the ſuppoſition of 
the ſpectator's height, the extended plane, or the leaſt viſible angle be- 
ing too great or too ſmall ; let us make a calculus from the apparent 
magnitude of an object, ſeen in the horizon. Suppoſe the moon, for 
inſtance, when near the horizon, appears a yard in diameter, or equal 
to a round table juſt at hand, whole diameter is a yard: The viſual 
angle ſubtended by the moon is about + degree ; and therefore the ap- 
parent diſtance of the moon is the radius of a circle, whoſe circumte- 
rence is twice 360 yards. For it is manifeſt, that twice 360 apparent 
moons, or yards, would go round the periphery of a circle of the above 
magnitude. Upon the above ſuppoſition, the apparent diſtance of the 
moon will be about 115 yards. In like manner, by having the viſual 


angle, and apparent diſtance of any object, we may find its viſible or 


apparent nce. But as the moon ſeldom looks near ſo big, as above 
ſuppoſed, I am apt to imagine upon the whole, that the greateſt appa- 


rent diſtance, is generally much leſs than an hundred * yards; and ſome- 


times not above fifty : But in ſome caſes, it may probably amount to a 
quarter, or may be half a mile; as when we ſtand upon an eminence, 
viewing a large vale or a 


of objects, whoſe different diſtances are very perceptible. 


194. Scbol. One main purpoſe of viſion being to diſcover, as near Our n. 
tions Ot real 
diſtances. 


as may be, the true places of objects; we do not reſt fatisfied with 
mere apparent diſtance, but from thence, and from ſuch other helps 
s occur, we always make ſome judgment of the real diſtances of ter- 
reſtrial objects. And hence it is, that moſt people are apt to think 
the ſimple apparent diſtance of a remote object, to be much more ex- 
tenfive than it really is. It is very certain that the apparent diſtances 
of two ſteeples, one at a furlong, and the other at 10 miles diſtance, are 
much the ſame, if no objects are perceived to intervene betwixt them; 
and yet we are ſeldom without helps, by which we can diſtinguiſh that 


one is much more remote than the other. The principal aids for eſti- 
mating real diſtances, are thoſe which have been already conſidered ; + 
and for very remote diſtances, the * two laſt are of moſt uſe. By theſe » 18;, 188, 


helps, thoſe who have had frequent experience, as country-men and 
people who often travel, will be able to gueſs at the real diſtance of a 


remote object, within, may be, + or + of the whole diſtance ; from. 


the obſervations they often had made, that certain objects, at ſuch and 


ſuch diſtances, have ſuch and ſuch appearances. Thus, ſeamen will 


not err many leagues, in their eſtimations of the diſtance of an object 


; ten. 
It is ſcarce neceſſary, I think, to obſerve, tent of a ruler of that length, when it is pretty 


lat by a yard here is meant, the apparent ex- near us, 


gradual aſcent, on which are a great number 
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ten leagues off; and as the object becomes nigher, they will be more 
exact in proportion. Enn 


Of afparent Magnitudes. 


When theap- 195. When objects are ſo near us, that their apparent diſtances are 
parent and as their real diſtances ; their apparent magnitudes are alſo as their real 
_— —— magnitudes. This, I think, 1s univerſally true, excepting a difference 
11 with reſpect to two objects, which in ſome caſes proceeds from a diffe. 
ow — rence 9 and brightneſs. Thus, a man at a yard from me, or at 
tudes, ſix yards from me, appears in both caſes of the ſame magnitude. And 

the ideas we form of the magnitudes of different objects placed in the 


ſame room, are always pretty accurate. 
Apparent di- 196. Again, the apparent diſtances of objects, having nearly the ſame 


2 colour and brightneſs, the ſame; their apparent magnitudes will 
apparent be as the viſual angles. Thus, the apparent diſtance OA, of two ob- 
magnituces jects AB, AC being the ſame; their apparent magnitudes will be as the | 
ſaal angles. Viſual angles AOB, AOC. That is, in this cafe,” the two objects being | 

really at the ſame diſtance from the eye, their apparent magnitndes are 
as their real magnitudes. In like manner, if the diſtances OA, OD are 
ſo great as to appear equal, the apparent magnitudes of the two equal 
objects AC, DE, will be as the viſual angles ſubtended by them, or as 
AC and AB. But if, as in the preceding, the objects AC, DE are ſo 
near, that their apparent diſtances, are as the real ones OA, OD; then 


will their apparent magnitudes be as the real ones, or as AC and DE. 


Greater 197. Schol. The apparent diſtance of an object being fixed in the 
— -—""_ mind, the degree of brightneſs affects a little the idea of apparent mag- 
gledter mag- Nitude ; the greater brightneſs, for inſtance, ſuggeſting a greater mag- 
rirude. © nitude. Thus, if two pieces of paper, of the ſame figure and bignebs, 
one whereof is white and the other black, be ſtuck to a wainſcot of 2 | 
different colour from either ; the white paper will ſeem to be bigger 
than the black. As the eye receives more light from an object of a given 
brightneſs, the bigger it 1s ; ſo on the other hand, its receiving more light | 
from a brighter object, ſeems to be the cauſe of that object's appearing } 
bigger. The phenomena above, are not very ſenſible, but when two ad- 
jacent. objects of oppoſite colours, are compared together, "oo 
Apparent | 198. It is very difficult to aſcertain preciſely, how far, or in what | 
RN 2 proportion, apparent diſtance affects the idea of apparent magnitude: 
round ratio But it ſeems probable, that the latter is always either exactly or ver) 
ofthe viſual nearly, as the viſual angle multiplied by the apparent diſtance. If that 
—— b. be the caſe, and the apparent diſtance was always as the true diſtance, 


Farce. then the apparent magnitude would be always as the true magnitude; 
7 


Fig. 30. 
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or the ſame object would always appear of the ſame magnitude, at all 
diſtances ; as the caſe really is, within a few yards of us, or ſo far as 
apparent diſtance is adequate to the real. But objects placed beyond a 
certain diſtance, generally appear leſs, the more remote they are : For 


des are Wl two parallel rows of trees, &c. ſcem to converge towards the farther 
ir real W end. But it is certain, that the diminution of apparent magnitudes, is 
erence W no ways proportionable to that of the viſual angles, or to the increaſe 
diffe- of real diſtance: A pane of glaſs appears nothing nigh ſo big, as the 


, Or at 
„And 
in the 


front of a houſe, or ſtreet, ſeen through it: And it is certain alſo, that 
in moſt caſes the apparent diſtances of remote objects, fall ſo much the 
ſhorter in proportion of the real diſtances, as the objects are more re- 
mote, which ſerves to account for the decreaſe that is obſervable in 
the apparent magnitudes. So that upon the whole, it ſeems likely, that 
apparent magnitudes are either exactly, or very nearly, in the compound 
ratio of the viſual angles and apparent diſtances. | Hh 
199. Schol, 1. We are as frequently deceived in our notions of mag- 
s being Wl nitude, as we are in thoſe of diſtance ; and theſe deceptions are far- 
des are WF ther confirmations of the preceding theory. A fly ſkipping before an 
OD arc Wl unattentive ſpectator, will ſometimes excite the idea of a crow flying 
o equal! WF :fir off; but as ſoon as the miſtake in tlie diſtance is found, the large 
, Or 4 WF object or the crow, will dwindle into the little fly; and one may even 
are ſo perceive the diſtance and magnitude, as it were, contracting both at 
then the ſame time. In like manner have I miſtook a crow, for a fly hop- 
d DE. WW ping betwixt me and the window. 

| in the 200. Schol. 2. It is obſervable, that in foggy weather, and in the 
nt mag. duſk, objects generally appear farther than they commonly do: So, 
er maß: for the reaſons above aſſigned, in theſe caſes they alſo appear propor- 
bigneſß, tionably larger; and ſometimes they appear of a very extraordinary ſize, 


je fame 
les will 
vo ob- 
e as the 


ot of cccording to the greater miſtake in the diſtance. A ſmall heap of 
bigger ſtones, has been miſtook for the ruins of a large building, c. And it 
fa given has been obſerved, that a chamber appears leſs, when its walls are 


ore light | whitened ; and that fields and mountains appear leſs, when covered 


PPearine with ſnow : The reaſons of which muſt be, the white walls and fields 
two ad- appearing ſo much nearer. 

„20. Schl. 3. In forming our ideas of magnitudes, it is not enough 
in what I that we know, either from former experience of our own, or from 
gnitude: WY the teſtimony of perſons on whom we can entirely rely, how far ſuch 
or ver) ¶ or ſuch an object is from us: But we form our idea, or calculus, if it 
"We that may be fo called, of the apparent diſtance, as it were extempore ; from 
diſtance, ¶ ſuch circumſtances as then preſent themſelves to the fight, and by which 
gnitude 1 ve uſually judge of diſtances when we are left to our ſelves. And 


2 hence 


169 
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hence it is, that we are not able to correct ſome miſtakes, as to appa- 
rent magnitudes. An horizontal walk, terminated by two parallel 
ſides, will not appear ſo narrow at the farther end, as a walk upon a 
deſcent of the ſame length and breadth: And the parallel ſides of 
an aſcending walk, will yet appear to converge leſs ; and in ſome 
caſes, it may appear as wide at the farther end, as it does at bottom, 
and even wider. An inſtance of this latter fort, I have frequently be. 
fore me: The parallel ſides of a ſett of ſteps facing my window, and 
going up to a mount on the Tower wall, ſeem manifeſtly wider at top 
than they do at bottom. All the above different appearances, ariſe un- 
doubtedly from the miſtaken judgments we make of diſtances ; and 
theſe miſtakes alſo proceed from the reaſons that have been 3 before aſ- 


ſigned. 

202. Schol. 4. The diminution of apparent magnitudes, is fo very 
ſmall, in compariſon of the greater increaſe of diſtance ; that in the ge- 
neral, it ſeems. that the viſual angles ſubtended by objects, have little 
or no ſhare in directing our judgments of their diſtances... And indeed, 
if the caſe was otherwife, it would be almoſt impoſſible for us ever to 
gueſs aright, either as to diſtance or magnitude. For inſtance, if we 
did not judge of diſtance independently of the viſual angle, how could 
we know a child from a grown perſon ;. or even a pin from a may- 
pole: For the largeſt object, by being removed to a greater diſtance, . 
may ſubtend a leſs angle than any aſfignable one. 


203. As objects generally * appear nigher, when the intervening ? 
chain is not perceived; ſo in theſe caſes, we have a reaſon. why they | 
ſhould alſo appear proportionably ſmaller : As the caſe is, when we 
look from below at objects on the top of a ſteeple ; or from above, at 
objects at the bottom. In looking upwards or downwards, the oblique 
and unuſual view we have of objects, adds ſtill to our deception ; as 
from above, we look on the crowns of hats; tops of houſes, coaches; | 
backs of cattle, Sc. But after frequent experience in theſe caſes, things 
do not look ſo ſurpriſingly ſmall, as they did formerly. 

A tree upon the ground, appears longer than it did ſtanding ; anda | 
ftecple which is viſible all the way from the bottom upwards to the top, 
does yet not appear ſo high, as it really is; or not fo long, as the ſame 
extent upon level ground, This phenomenon ſeems to be entirely 
ewing to our want 01 experience, in meaſuring heights ; and its being 
ſuch, accounts why -evena globe on the ſpire of a ſteeple, appears much 
ſ. cr, than a globe, of the ſame diameter on the ground, and at the 
{un liſt nce from à ſpectator. When we are deprived of that help, 
Wich a vic of tic whole extent of the ſteeple affords us, as in look- 

ly 
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ing down, &c. it is a reaſon why objects ſhould appear ſtill ſmaller, 
as I believe, all other circumſtances being alike, they always do. 


204. Schol. To prevent miſtakes, let it be here again obſerved, that, 
according to the *defin. by diſtance in this d, was every where meant, 161. II. 
the extent of an imaginary line joining the eye and the object; and not 
the diſtance betwixt two objects, unleſs it was ſo declared. Alſo, by 
apparent magnitude of an object, was meant its apparent diameter, breadth, 
or diſtance betwixt two of its oppoſite fides ; and therefore all that has 
been ſaid upon that head, is nag N to the apparent diſtance 
between two objects; and that, whether the line joining the two ob- 
jects be at right angles to the optic axis, or obliquely to it: For the ap- 
parent diſtance betwixt two ſides of an object, and betw ixt two objects 
or points in them, are caſes that are exactly coincident. 


205. Our faculty of diſtinguiſhing degrees of diſtances, is alſo of the of the vicble 


laſt importance to us, in diſtinguiſhing things. For an object is not a 3 
mere coloured extenſion, contained within a certain out- line; but a fi- ; 


jects. 


gure, wherein are comprehended, beſides their colour and out-lines, the 
particular figures, relievo's or ſwellings, hollowings, Fc. of every vi- 
ible part, and member of the whole; or a figure, wherein is conſidered 
the diſtances, from an _—_— plane, of every viſible point. Thus, 
a globe placed before me does not appear a circle, but a convex ſurface, 
ſwelling all the way from its outward or viſible verge, towards the ver- 
tex or point neareſt to me. The inſide of an empty bowl, is viſibly a 
ſpherical concave : In a face, the noſe is ſeen projecting before the reſt, 
and the eyes are plainly ſunk lower than the forehead, &c. 

We have other helps for diſtinguiſhing the prominences of ſmall 
parts, beſides thoſe by which we diſtinguiſh diſtances in general; as 
their degrees of light and ſhades, and the proſpect we have round them : 
Both theſe, I think, contribute their ſhare to the viſibility of ſuch ſmall 
objects as the pile upon cloth, c. And by the parallax on account 
of the diſtance betwixt our eyes, we can diſtinguiſh beſides the front, 
part of the two fides of a near object, not thicker than the ſaid diſtance ; 
and this gives a viſible re/zevo to ſuch objects, which helps greatly 
to raiſe or detach them from the plane, on which they lie : Thus, the 
noſe on a face, is the more remarkably raiſed, by our ſeeing each fide 
of it at once. Theſe obſervations, I ſay, are of uſe to us in diſtin- 
guiſhing the figures of ſmall and near objects; and when the breaks, 
prominencies and projections are more confiderable, we do not want 
them, The diſtances betwixt the legs of a chair, are viſible many 
yards off; and the projection of a building is viſible ſtil] farther. But 
% the diſtance is increaſed, different degrees of eminencies, cavities, &c. 

L 2 diſappear 


Ci the ſky. 
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diſappear one after another; ſo that at length the corners, projection, 
Sc. of buildings become imperceptible ; and both ſquare and round 
towers, at great diſtances, appear alike dark and flat ſurfaces, terminated 
by blunt and obſcure lines. It is for the ſame reaſon, that the moon 
appears a flat ſurface, and not globular ; the. difference betwixt the di- 


ſtances of the limb and middle part from us, being much too ſmall 
to be perceived. | 


Things that we are daily converſant with, we ſurvey in different po- 
fitions ; and from this familiarity, a tranſient glance only oftentimes | 
fuffices, to give us an idea of even the back part which is not ſeen: 
And we learn alſo to make allowances, on account of the different 
views we have of things. A chair appears a chair, and ſeemingly much 
the ſame object, in various poſitions. And when we look attentively, 
we have frequently great helps for diſcovering the figures of objects, that 
we are not acquainted with. Suppoſe a perſon, who had never ſeen one 
before, looks obliquely at a chair : The ſeat he ſees is parallel to the | 
floor, and ſupported in the front by two legs perpendicular to it ; one 
of the back rails he ſees from top to bottom, and that it is joined to 
one corner of the ſeat ; he likewiſe ſees the whole upper part, and 
underneath, a little of the foot of the other rail ; and by conſidering | 
the uſes and ſimilarity of the viſible parts, he will go near to form a good 
idea of the whole figure. The figure of that part of the cavity of a 
bowl viewed obliquely, which 1s not ſeen, will be ſuggeſted by the 
convexity of the outer part. But there muſt be always ſomething vi- 
{ible to help us; without this, prænotions will not do: The moon ap- 
pears alike flat to an aſtronomer and to a ſhepherd, 


9. 5. Of the apparent diflances, magnitudes, and figure 
of the celeſtial objefts. 


206. We ſeem to be incloſed by a kind of a vaulted roof, extending 
every way round us, and within which all viſible objects ſeem to be 
included: For all remote objects, detached fror the earth, ſeem to float, 
or as being placed in this concave ſurface, W ch we call the ty. We 
are cert.in nevertheleſs, that inſte d of beir confincd within a concave 
ſhel: of a ſmall diameter, as the ſky ſee to be; the medium round 
us is tranſparent, to a diſtance far gre: er than even our imagination 
can reach; for ſuch is the immenfity of the diſtance of the fixed 
ſtars. We are certain alſo, that lig t is a mediate cau': of viſion ; and 
therefore, that the above ſky-like appearance miſt be owing to 
the infleCtion of light by the air, or by ſome particles floating . it. 
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For, if light was not inflected by the atmoſphere, it is pretty mani- 
feſt, that the appearance which we call the ſky, would vaniſh ; and 
in its room would ſucceed a dark void be-ſprinkled with ſtars. 
And as we are undoubtedly ſurrounded every way with an atmoſphere, 


ſo we receive light from every part of it; as indeed both are proved by 
the phenomenon itſelf. | 


207. Every pencil of light that enters the eye, excites the idea of Its apparent 


colour, and of a viſible point : But the particles of air themſelves, are 
much too ſmall to be ſeen ; and as we undoubtedly receive light, by the 
reflection of airy particles at innumerable different diſtances ; it remains 
ſtill to be accounted for, why the ſky ſhould appear at a particular di- 
ſtance, or as having a definite magnitude and figure. 


The air being tranſparent, the ſky cannot appear nearer than the re- 
moteſt object in view ; nor do I fee any reaſon why it ſhould appear 
farther, as nothing occurs here to the fight, whereby we uſually di- 
ſtinguiſh one object to be more remote than another. The ſky there- 
fore ſeems to touch the remoteſt land- object in view : And light being 
reflected to us from all parts whatever, and that much in the ſame 
proportion as to ſort and quantity; ſeems to be the reaſon, why the ſe- 
rene ſky ſhould be a concave ſurface, of pretty much the ſame colour. 
And different parts of the atmoſphere being at different times charged 
with heterogeneous particles, ſuited for inflecting different torts of light, 
ſeems to be the reaſon why we ſee clouds, or parts in the ſky of diffe- 
rent colours. But to define the magnitude and figure of the ſky, we 
muſt have recourſe to obſervations. 


The apparent diſtance of the viſible horizon * has been already con- : 


hdered : And by comparing the apparent diſtance between two given 
ſtars, or the apparent diameter of the moon, at different altitudes, 
we may pretty nearly determine the apparent figure of the ſky. Or, 
by gueſſing at the places, whereabouts perpendiculars dropt from ſeveral 


17 


figure and 
magnitude. 


points in the ſky, at different altitudes, would fall, and having the 


angles of elevations of theſe points; we may from thence alſo make an e- 
ſtimate, of both the apparent figure and apparent magnitude of the tky ; 
due allowances being made betwixt the apparent and real diſtances of 
the places, where the perpendiculars are ſuppoſed to fall. 
40 degrees high, be ſuppoſed to hang over a place 50 yards off; then 
ſuppoſing the apparent diſtance of that place to be 40 yards, the appa- 
rent diſtance of the cloud will be about 52 yards; or the hypothenuſe 
of a triangle, whoſe baſe is 40 yards, and angle at the baſe 40 degrees. 
And thus by finding the apparent diſtances of ſeveral points, we {hall 
have the apparent figure and magnitude of the whole ik 


The 


As if a cloud 
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The two ſorts of obſervations above, are to be conſidered as being 
but groſs ones; for people will differ in their notions, both of the ap- 
parent magnitude of the moon, and alſo of the diſtance of that point, 
over which ſhe ſeems ſuſpended: However, we may be certain from them, 
that the figure of the iky is not, at leaſt is not always a hemiſphere; but 
rather a kind of ſpheroid; the apparent diſtance of the horizon being 
generally much greater, than that ot the zenith. And this is very agree. 
able to the theory of the apparent diſtances of terreſtrial objects. | 


174 


Variations in 208. To thoſe who have very extenſive proſpects, the viſible horizon | 


the viſible appears ſomewhat farther, and the ſurface of the ſky appears ſome- 


magnitude 


and figure of What flatter, than to thoſe whoſe proſpects are more confined. But 
the ſey, from theſe variations are not ſo conſiderable, as _ be expected from the 
different itu- preceding theory; and that partly, becauſe the apparent diſtances of 


ations of the 


ſpectator. Objects fall ſo very ſhort of their real diſtances. And alſo, becauſe | 


the ſky is an object very familiar to us, and by our moving about, fre- 
quently ſeen under various circumſtances, as to extenſiveneſs of land- 


proſpects ; we retain much the ſame idea of its figure and magnitude, | 


ſo long as its colour and brightneſs is the ſame alſo ; even though a wall 
is before us, beyond which nothing is viſible but the ſky itſelf. 


Difference f 209. The different brightneſs of the ſky, at different times, is a rea- 


ſerenity, a ſon why its apparent figure and magnitude are neither of them im- 


mes 15 ne mutable, but variable in different weather: A greater brightneſs, as in 


apparent fi. other caſes, ſuggeſting a nearer diſtance ; as objects ſeen through a fog, 


85 aa! or generally ſeem farther than uſual ; and nearer, when the air is clear and 


wes, the ſun ſhines uponthem. The atmoſphere is generally more loaded with | 


vapours, the lower down; and fo the ſky commonly appears duller that 


way, than it does higher up: And this alſo is another reaſon, why the 


iky commonly appears fartheſt towards the horizon. The atmoſphere 


is alſo ſubject to greater changes, the lower down; and this accounts | 


why the apparent diſtances of the lower parts of the ſky, ſhould be 


ſubject to greater variations, than thoſe of the parts which are more 


clevated, 
Phenomenon 210. From the preceding, the reaſon is manifeſt, why the moon 
of tc hori- when near the horizon, generally appears bigger than when ſhe is ele- 
zonal moon. vated higher up; and alſo, why ſometimes in the ſame ſituation, ſhe 
appears much bigger than ordinary. The ſun alſo frequently appears 
of an extraordinary bigneſs, when near the horizon ; but the greatneſs 
of his ſplendour, prevents our obſerving ſo particularly the ſun's magni- 
tude, as we do that of the moon. It is obſervable likewiſe, that the 
diſtance betwixt two ſtars, appears different according to their ele- 
vatlons. | 
By 
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By obſerving whether the apparent diſtance of two ſtars, in the neigh- 
bourhood of the moon, keeps the ſame proportion at different altitudes, 
with the apparent diameter of the moon at theſe altitudes; it may 
be determined, whether a greater faintneſs of the moon, abſtractedly con- 
ſidered, or without regarding the ſky, may of itſelf in ſome meaſure excite 
the idea of a greater magnitude. But as the moon in an eclipſe, appears 
no bigger than ſhe ordinarily does at the fame altitude; it ſeems very pro- 
bable, that the variations in her apparent magnitude, at different eleva- 
8 moſtly, if not wholly, to be imputed to the apparent figure of 
the 1ky. 

211. Schol, As the apparent magnitudes of remote objects, will be How the a. 
different, according to the judgment every one forms of their apparent 1 
diſtances; (thus, one deſcribes the moon as appearing about os big- * — | 
neſs of the crown of his hat ; another thinks ſhe looks bigger, and fo 1 
on; but none think her ſo ſmall as a pea, though a pea at a ſmall di- F 
ſtance will ſubtend a larger angle, than the moon: ) So, to prevent miſ- 
takes, aſtronomers expreſs the apparent magnitudes of the planets, by 
their viſual angles, as they find them by actual meaſuring with inſtru- 
ments; and not by comparing them to common meaſures, as inches, 
feet, Sc, Thus, the moon's diameter is faid to be about half a degree; 
becauſe thereabouts is the viſual angle ſubtended by the moon, at the 
diſtance we are from her. The apparent diameter of the ſun, is about 
the ſame bigneſs with that of the moon; although in reality, the ſun's 
diameter is much bigger than the diſtance between the earth and moon. 

The angles ſubtended by the fixed ſtars are altogether imperceptible, or 
too ſmall to be diftinguiſhed ; although theſe bodies may, very likely, be 
each as big as the ſun; ſo the ſtars are faid to have no ſenſible - 
diameters. | 

212. The ſtars appearing of different magnitudes, is probably owing Why the tar 
entirely to their different ſplendor ; thoſe ſtars appearing bigger, as 2 
they excel in brightneſs. And indeed, as the fixed ſtars have no defi- un.. 
nite figures, or ſenſible diameters ; what is commonly expreſſed by de- 

2:S of magnitudes, can be properly conſidered as nothing elſe, than 
degrees of brightneſs. . With reſpect to the naked eye, all the planets, 
excepting the ſun-and moon, may be alſo claſſed among the fixed ſtars ; : 
the appearances of them all being much alike. . 


213. Theenlightned part of the moon's diſk, a few days from the, of. 
change, ſeems to be a ſegment of a larger circle, than the remaining new moon. 
obſcure part, which is then alſo viſible; fo that the an/#, or horns, Fig. 31. 
project ſenſibly farther from the center, than the lin1b of the ſaid ob- 

(cure part, as repreſented in the annexed figure. This phenomenon, 
| think, can be no ways eaſier or more naturally accounted for, than 


by 


176 
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by ſuppoling the exceſs of apparent magnitude of the enlightned part, 
to be owing to its greater brightneſs. For, here the apparent, as well 
as the real diſtance of both parts being the ſame, both appearing con- 
tiguous and in the ſky ; the greater quantity of light received from the 
one part, excites the idea of a greater magnitude. I have looked at 
the new moon through concave glaſſes of different figures; * but could 
not perceive any ſenſible difference, as to the proportions of the dia- 
meters of the two afore- mentioned parts, And indeed it is difficult to 
conceive, how the aberrations of the rays coming from the ſame object, 
could cauſe ſo remarkable a difference in the apparent magnitudes of 
two contiguous parts. 3 _ 


Welnions of 214. The apparent figures of the ſtars, is a phenomenon that preſſes 


the ars. 


hard upon the hypotheſis of aberrations and falſe images of remote ob- 
jects: For by that hypotheſis, the ſtars and planets, and all bright ob- 
jects ſubtending inſenſible angles, ought to have definite and circular 
figures, gradually decreaſing in luſtre from the middle towards the cir- 
cumference. But the ſtars, and alſo lamps or candles, ſeen at a diſtance 
in the night, inſtead of appearing whitiſh circles, ſeem only indefinite 
glares of light, ſhooting out, as it were ſpontaneouſly, all round as from 
a center into an indefinite number of flender and ſharp-pointed ſpokes, 
or brachia, of different lengths. The ſtar-like appearances of ſmall 
ſtones, bits of glaſs, &c. ſeen at ſome diſtance in the ſun-ſhine, as alſo 
the radiations from the edges of very bright objects, having ſenſible mag- 
nitudes, mult all probably be owing to a like cauſe. 


The hypotheſis for explaining the phenomenon of two beams ſhoot- 
ing from a candle, will not do here ; becauſe the beams are obſerved 
to ſhoot round every way alike : Nor can theſe phenomena be ſolved di- 
rectiy. by any of the foregoing principles. But it ſeems probable, that 
they are owing to ſomething in the conſtitution of the eye itſelf ; and 
perhaps one of the following may be the cauſe of them. 


If it be ſuppoſed, that an impreſſion made upon any point of the re- 
tina, is, by ſome vibrations of the fibres in that part, communicated 
and as it were ſpread further, like the undulation of water when a ſtone 
is thrown into it ; but that, inſtead of ſpreading itſelf over one continued 
circular ſurface, it branches out into a ſtar-like image : And the light 
of a ſtar impinging but upon a ſmall point in the retina, and there be- 
ing no impreſſions made round that point, at the ſame time, at leaſt but 
ſuch as are very faint and languid, compared to the impulſe of the ſtar's 
light; the undulating motion above ſuppoſed, has time to ſpread itſelf 
undiſturbed, and ſo to excite the ſame idea, as would be cauſed by the di- 
rect impulſe of light upon thoſe parts where the motion reaches. 

See 123. II, Or, 
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Or, if it be ſuppoſed, that ſome of the light proceeding from a 
viſible point into the pupil, inſtead of being collected with the reſt into 
a point on the retina, is, by an hetereogeneity in the humours of the 
eye, irregularly ſcattered round the center into a ſtar-like image. Either 
of theſe hypotheſes, will account for the above appearances of ſmall 
bright objects; and alſo ſhew why bright objects having ſenſible mag- 
nitudes, ſeem to branch out from the limb into pyramidal ſpicula, whilſt 


the whole ſpace within is all over bright: But they are hypotheſes 
only, and here offered as ſuch. 


215. Schol, 1. The reaſon, why none but bright objects have theſe Why che fars 
branches ſhooting from them, ſeems to be, that the ſky-light, which Fall“ v7 
intrades into the eye at the ſame time, overpowers and obliterates 
thoſe feeble impreſſions which are made by the few rays ſcattered 
from the true image: So that theſe impreſſions are never ſenſible, but 
when the reſt of the retina is very dark, in compariſon of the image * 
of the radiating object. After the ſame manner may be accounted, "4 
why the ſtars do not ſparkle or radiate ſo much, in the twilight or 9 
moon-ſhiny night, as they do when the ſky is leſs luminous; and 
as they ſparkle leſs, they appear leſs, being more like points: Alſo, 
why a ſtar near the moon, appears leſs than ordinary, The flame of 
a candle alſo from a remote diſtance, will have leſs apparent magni- 
tude, as the medium between is more illuminated. 


216. Schol. 2. When the flame of a candle is at ſuch \ diſtance, Why Venus 
as to be a minimum viſibile, its pyramidical figure cannot then be pee, e 
. . LOTNCA HRe 
diſcerned, and the candle has only a ſtar-like appearance, for the. y. 
reaſons already aſligned, It is for the ſame cauſe, that Venus never 
appears horned to the naked eye: For her whole diameter not ſub- 
tending a ſenſible angle, it is impoſſible to diſtinguiſh her moon-like 
figure; and the whole diſk being as a point, Venus and all the reſt of 


the planets excepting the moon, have ſtar-like appearances, 


217. Thoſe who are accuſtomed to look through long teleſcopes, T. Hof 
find that the air is generally affected with a kind of tremor or undula- the fass. 
ting motion, which is in different degrees in different weather. This 
tremor of the atmofphere, ſome have thought to be the cauſe of the 
ſcintillation or twinkling of the fixed ſtars k. The ſtars do not appear 


as 


Another opinion concerning the ſcintilla- propagate light all manner of wavs; it is pretty 

tion of the ftars, as it has been often printed, manifeſt, that an opaque body of a leſs breadth 

ſhould not be here paſſed unobſerved : viz. than that of the pupil, cannot totally hide one of 

Ihe ſtars being but points, their twinkling is them, in whatever part of the atmoſphere ſuch 

* ſaid to be cauſed by ſmall opaque particles a body be ſuppoſed to float. And particles of 

" ſpontaneouſly floating in the atmoſphere.“ that ſize in the air, are much too large to be 
ut although the ſtars are points, yet ſince they admitted, 
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ſomething which paſſes in the eye itſelf, may here have the principal 
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as if they were ſhaken out of their places, but only as if they were 
either nimbly covered and uncovered, or as if their light was im- 
a 
0 


paired and renewed, by fits; and to an attentive eye, the brighter ſtars 
either do not twinkle at all, or very ſeldom in compariſon of the leſſer 
ones. The tremor of the air therefore, if it has any effect, does not ſeem 
of itſelf ſufficient to account far the phenomena : It is very likely that 


ſhare. We are continually ſhifting and cloſing our eyes, even when we 
are not conſcious of ſo doing; and a ſtar being but a point, the ſmalleſt 
motion of the eye is ſufficient to make us loſe it, or very ſmall opaque 
particles floating in the vitreous humour pretty near the retina, are ca- 
ble of preventing the ſtars light from proceeding any farther. Per- 
8 without any ſtoppage of the rays, the extream feebleneſs of their 
impreſſions, are not capable of keeping the viſive faculty conſtantly 
awake, but only as it were by fits. Theſe are only conjectures. 


$. 6. Of Viſion by images. 


The particular phenomena of viſion, in given caſes, by reflected and 
refracted light, are the chief ſubjects of the two enſuing ſections; but 
becauſe of their univerſality, it will not be amiſs to cloſe this with the 


following few obſervations, 


218. Viſion of real objects ſeen directly, or naked viſion, and viſion 
by images, are both founded upon the ſame principles : That is, the 
like impreſſions, or the ſame kinds of images upon the retina, excite 
like ideas ia both caſes. Whence, 


219. Objects ſeen by reflected or refracted rays, are ſeen in the 
places of their laſt images, if theſe images are at moderate diſtances * 
before the eye ; the ſeveral circumſtances by which we form the ideas 
of the apparent diſtances of objects ſeen by naked viſion, being here 
alſo taken into the account. And univerſally, every viſible point of 
any object appear ſomewhere in the directions of the axes of the pencils 
or rags proceeding from them to the eye, after their laſt reflection or 
refraction. 


220. Schol. In viſion by images, we are generally deprived of many 


circumſtances by which we uſually judge of diſtances ; and this makes 
it 


In naked viſion, the pencils of light always fall on the eye converging, and yet the objecl, 
enter the pupil of the eye diverging, though in in ſome 11 is ſeen 8 lind ; but here 
many cafes their divergencies are ſo ſmall, that we regard only ſuch caſes as are analogous to 
ticy may be reckoned parallel: But in viſion by thoſe we meet with in naked viſion. 
reflected or retracted light, the rays ſometimes 
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it difficult in moſt caſes, to determine the place of an image, if it be 


farther off than two or three yards *, though we ſee it with both eyes; 171. II. 
and with one eye alone, we cannot determine diſtance * beyond a foot 167. II. 


or two. Theſe difficulties are again frequently increaſed, by ſome pe- 
culiarities appertaining to the images, which we are not accuſtomed to 
obſerve; and for which therefore we are at a loſs how to make the 
proper allowances. But when the diſtance of the image is within the 
above limits, we can determine its place, in moſt caſes, pretty accurately ; 
and, as in naked viſion, the_nearer we can determine the place from 
whence the rays diverge to the eye, the more diſtinct will the image 


appear, 
221, The apparent magnitudes of objects ſeen by reflection or re- 


fraction, are, either accurately or very nearly, as the rectangles under 198 and 


179 


the viſual angles and apparent diſtances, of their laſt images : Alſo 218. II. 


in all caſes, the apparent place, poſition and figure of an object ſeen 
by reflected or refracted light, are as thoſe of its laſt image: For the 
rays * diverging to the eye, when the image is before it, from a ſucceſ- 
fion of phyſical points, after the ſame manner as if they came directly 


from a real object, excite an idea of that image, or of an object equal“ 218. II. 


and ſimilar to it. 


222. Corol. 1. A given ſpeculum or lens magnifies the moſt or leaſt, or 
diminiſhes the leaſt or moſt ; when the rectangle under the viſual angle 
and apparent diſtance of the image, is the greateſt or leaſt poſſible. 


223. Corol. 2. In viſion by images, we are liable to many decep- 
tions, ſome of which are entertaining as well as ſurprizing. For not 
only the place of an image, but alſo very often its poſition, magni- 
tude and even figure, ſome one or all of theſe, ſhall be quite different 
trom the original object. 


224. If in the place of an image, formed by rays converging either 
by reflection or refraction, be ſubſtituted a white plane, as a ſheet of 
paper; upon this white ſurface there will be formed a picture, exactly 
equal and ſimilar to the image +. And if the room be dark, fo that 
the eye may be pretty free from extraneous light, this picture will be 
viſible to a ſpectator placed in almoſt any ſituation before it: For here 
the rays are reflected from every point of the white body all manner 
of ways, after the ſame manner as they are reflected at the ſurface of 
common objects. But if the white obſtacle that ſtopped them be 
taken away, the rays will proceed directly onwards; and therefore 
the image cannot be ſeen unleſs the eye be placed directly behind it: 
And even then the viſible field will, in moſt caſes, be much narrower 


| A a 2 than 
| * The caſes of viſion by parallel or converg- + Sce 244. I. 
ing rays, are not conſidered here. 
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than the picture; as the rays proceeding from parts of the image 
that are remote from the middle, do neceſſarily eſcape wide of the 


eye. 


SECTION II. 
Of viſion by light reflected from plane and ſphe- 


rical ſpeculums. 


HE abſtra& theories of images, formed both by the reflection 

and refraction of plane and ſpherical ſurfaces, having been al- 
ready delivered in the firſt book; in this and the next ſection, what 
we have chiefly to conſider are the phenomena themſelves, of viſion 
by ſuch images, 


$. 1. Of viſion by mirrors or plane ſpeculums. 


225. Phenom. Objects ſeen by the reflection of plane ſpeculums, 
generally appear ſo perfect and natural, that if the ſpeculum itſelf is 
not perceived, one 1s liable to miſtake the images for the real objects 
of which they are types. A man appears alive, corporeal, and not a 
mere ſurface; and any ſeries of objects placed before the ſpeculum, 
exhibit alike ſeries on the other fide, all appearing in their due places, 


2 37 to 49.agreeable to the * theory of images, and that of viſion in like caſes. 


188. It. 


98180. 
nne 


Fig. 32. 


The principal difference obſervable here is, that the images appear ſome- 
what darker than the objects, on account of the loſs of light by re- 
flection; and this, when the images are remote, may“ affect their ap- 
parent diſtances; and more eſpecially if, as the caſe often is, part of 
the floor ſuſtaining the real objects © is not ſeen, or if the ſpeculum *1s 
not vertical, But when the images are near, we find, as in viſion of 
real objects, that the above cauſes have no ſenſible effect. 

Let PQ be an object, whoſe image formed by the plane ſpeculum 
ST, is 294. Now an eye placed before the ſpeculum ST, ſees every 
point of the obje& PQR, by the very ſame rays that originally diverged 
from thoſe points, without having undergone any other change, ex- 
cepting that they are bent at the ſpeculum, as if they came directly 
from the correſponding points in the image pgr; and therefore it 15, 
that the ſaid image appears equal, ſimilar and of the ſame colour with 
the real object. Thus, an eye placed at A, B, C, D or E; will ac- 

2 | cordingly 
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mage cordingly ſee the radiating points P, R, by the pencils of rays whoſe 

f the axes are Sn, 56; 1a, 66; 2a, 7b; 3a, 86; or 4a, Tb, proceeding 
directly as from the reſpective points p, r. The rays that enter the 

pupil ſuppoſe at C, from any point P, have the very ſame divergencies 

as if they came from a diſtance * =P2 + 2C =Cp; and ſo the eye 43. I. 
receiving the ſame impreſlions, as it would if the object P was placed 

in p, we form an idea accordingly, 


be- 226. Scho. If in any ſpeculum a perſon ſees his own image, or that 4pparent po- 
of an object that is behind him: If the image appears erect, it will ien + WP 
appear inverted as to right and left; and the reaſon is, becauſe the foocalums. - 
object and its image face each other, or look contrary ways. The caſe 
ection is not unlike when the object is between us and the ſpeculum, though 
en al- we are apt to make it different, for want of conſidering that with 
what reſpe& to the image ſeen in the ſpeculum, it is the back of the object 
viſion that is now towards us; and ſo we now call that the right ſide of the 
object, which we would call the left if we were on the other fide of 
it. Thus, if a perſon ſees the image pr of PR; the image p appears Fig. 32. 
to the right wherever he ſtands; if he is behind the object, he will 
reckon the point P alſo to the right; but if he is between the object 
1 and the ſpeculum, he muſt turn his back to the ſpeculum to ſee PR, 
ſelf i and then P is to his left. If PR is a printed page, the letters in the 
object ſpeculum will be equally inverted as to right and left, whether the 
FN ſpectator be before or behind the paper. The phenomena are con- 
3 trarily, when a perſon ſees an inverted image, or one that is turned 
9 upſide down ; that is, if the object is behind him, the image will ſeem 
Jr's: in its due ſituation as to right and left; but in that reſpect it will 
Nane ſeem alſo inverted, if the object is between the ſpectator and the 
e ſpeculum. But we ſeldom attend to the poſitions of images as to right 
5 ap- and left, excepting in particular caſes. 
+ of The phenomena of viſion in plane ſpeculums agree, in moſt if not 
nn in all caſes, with the theories of the images; and what remains to be 
wee, added under this head, is to explain the phenomena when two or more 
ſpeculums are combined together, or when one is placed in an inclined 
ku polition. 
s every 
verged NO. I. 
re, CX* 
lirectiy 227. F two reflefling planes BC, DC, be placed at right angles to Fig. 33. 
2 it is, ne another: A body A moving along the line AB perpendicular to the 
ir with one ſpeculum, and conſequently perallel to the other, ill have its images 


vill ac- 


rdingly 


a, b, move the contrary ways; that is, while the body A is in motion, 
the 
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Fig. 35. 


* 40. I. 
> Hypoth. 


Fig. 35. 
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the image b goes onwards the ſame way, whilſt a moves direly towards 
A; and the motion of A, b and a, are all exactiy at the ſame rate. 

It is manifeſt that the lines 2B, bc, deſcribed by the images a, 5, 
are the images of the line AB in the reſpective ſpeculums BC, DC; 
therefore aB = AB, and ab is* perpendicular to BC; alſo D = AD, 
and bc is parallel to DC. Therefore &c. Q. E. D. 


228. Schol. If the line AB be inclined to the ſpeculums BC, CD; 
the lines aB, bc deſcribed by the images a, b, may be found by draw- 
ing the perpendicular Aa to BC, and the perpendiculars Ab, bc to 
DC ; then taking da==dA, Db =DA, and Ce Ch: Or, the lines 
aB, bc, may be found by making the J aBd = ＋ ABd, and the 
£4. beD = < AeD. | 


PROP. XIIL 


229. 1f a plane ſpeculum, RS, be inclined to the horizon in an angle 
ef 45 deg. with its face downwards : An upright object CD will have 
its image cd in an horizontal pofition ; and the image ab, of an object 
AB lying horizontally, will be vertical. 

For each object and its image forming * equal angles with the ſpecu- 
lum, and thoſe which the objects form being each half a right angle; 
the -*CRc, BSb are right angles. Therefore, &c. Q E. D. 


230. Corol. If RS be a plane ſpeculum, with its face upwards, 
AB will be the image of an object ab; and the image of an object cd, 
will be CD. And ſoa perſon ſtanding upright before ſuch a ſpeculum, 
will ſee his image extended horizontally, as it were on the floor, with 
his face upwards. 


2 31. Schol. 1. A perſon looking in a plane ſpeculum inclined to 
the horizon in an angle of 45 deg. will ſee himſelf, as it were, in a 
flying poſture: For he will ſeem ſuſpended horizontally in the air, 
with his face downwards. And if the ſpeculum is ſufficiently long, 
he will ſeem to fly downwards or upwards, as he walks towards or 
from the ſpeculum. 


232. Schol. 2. If the ſpeculum SR be inclined to the horizon in 
any other angle than 45 deg. the images cd, ba, of the vertical and 
horizontal objects CD, BA, will be accordingly inclined from the poſi- 
tion they have now in the figure. And particularly, the objects CD, 
AB retaining their vertical and horizontal poſition ; if the C RSB be 
greater than 4.5 deg. the image cd will recline upwards, the 
being higher than c; and the image ab will recline backwards from 
the ſpeculum ; And the contrary will happen, when the £- RSB is lets 
than 45 deg. 

8 233 


point "A 
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233. Schol. 3. Upon a flat and ſmooth board FI, let there be made Fig. 36. 
a grove or channel abc de, by means of thin ledges A, B, C, D, E 
glewed to the board FI; and let the edges of the boards A, B, C, &c. 
that are next the channel, form the ſame angles with the ſides of the 
rectangular board FI ®. The board being thus prepared, and ledges 
fixed to the ſides of it, and another at ae; if the end FG be a little 
elevated, a marble or ivory ball placed at a, will roll with the ſame 
velocity, along the channel, till it gets to the bottom at e. Now if 4 ball ſeem- 


& the board be placed at the bottom of a box, in which is a looking- wr, F. 
(0 glaſs ſo inclined that the board FI appears vertically, the end HI 
es 


appearing uppermoſt ; the ball will ſeem to roll upwards, till it gets to 
he the top at e. 
This little deceipt is ſurprizing enough till the cauſe is known, and 
to prevent its being immediately detected, the box ſhould be placed a 
little above the eye, and the aperture in the front, and the fize of the 
ol) glass ſhould be fo limited, that, from a certain ſtation, nothing ſhall 
A . be viſible but the image of the board FI. In the fide ae of the box, 
| and below the end e of the channel, may be a narrow board, whoſe 
end e may be lifted up for throwing the ball back again to @; and then 
it will begin its journey as before. The end e may be lifted up by a 
ſtring guided by pullies to any particular place, and which might be 
concealed from the ſpectators various ways. Note, there ſhould be a 1 
proviſion made to prevent the ball from getting under the lifting „ 
board ae. : 
If the fide FH of the board be placed to the front, the ball will ſeem 1 
to go almoſt directly up and down. Or, if HI be to the front, and | 
made the uppermoſt fide, it will be ſurprizing enough to ſee the ball " 
roll downwards from e, ſo very gradually. The channel abc de may 1 
be made in a ſerpentine form; but then the board muſt have a greater 
declivity, and the motion of the ball will not be fo uniform. 


PROP. . 


234. In any number of plane ſpeculums, all lying in the fame plane, 

there can be feen from the ſame place, only one image of the ſame object. 

1 and 2 — \ 2 : 1 . 8 . J. 
For in this cafe, there can be but * one image; and the object is ſeen 37 


2 . - 7 d 
25 by rays proceeding directly to the eye, as? from the image. There- 41 5 and N 
'B * fore &c. Q. E. D. 219. 11, ö 
oint d 235. | 
from The breadth of the channel abc 4e, may of the boards againſt which it bears, be cham- | 


be leſs than half the diameter of the ball ; and pered or ſloped conſiderably, 
the ball will run upon a leſs declivity, if the edges 


1 
\| 
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235. Schl. If two ſpeculums be inclined backwards, ſo that per- 
pendiculars to each, meet ſomewhere beyond them; it is manifeſt that 
rays diverging from any object cannot be reflected by both ſpeculums 
to an eye having any given poſition ; and therefore they can exhibit 
only one image of the ſame object. See fig. 34. where à may be ſup. 


St 


poſed the object, e the eye, BC, CD the two ſpeculums. be 
| exa 
PR UF; . ; 

| are 
Fig. 37. 236. If two plane ſpeculums AB, AC, be joined together ſo as to form rays 
any BAC; there will be a certain diſtance AF, within which a ſpec- mat 
tator will ſee his image in each ſpeculum, at the ſame time: And if to theſe ſecc 
be joined two other ſpeculums BD, CE, forming <-* ABD, ACE; @ ſpec- ima 

tator placed any where within a certain diſtance HG, will ſee his image the 
in each of the ſcveral ſpeculums. And uni verſally, if ever ſo many flect 
flane ſpeculums are joined together in an arch of a circle, not too wide forn 


to be comprebended at one view; a ſmall object placed near the center of Ml {etc 


that circle, will be multiplied as many times as there are reflecting planes, pleat 
Upon AB, AC, raiſe the perpendiculars BF, CF; now an object IRK 
35. I. placed any where between F and A, will have its images in lines“ pa- WW of tl 


rallel to FB, FC, till it arrives at A where both images will be united. form 
Again upon BD and CE, raiſe the perpendiculars DG, BH, and 27 
EG, CH; and by the ſame way of reaſoning as before, a ſpectator circle 
placed any where between G and H, will ſee his image or part of it, WM lift r 
alſo in BD and CE. And univerſally, if O be the center of an arch WM whe: 
ED, any number of ſpeculums joined together within this arch, will one i 
each of them exhibit the image of an eye placed at or near O. There- 
fore &c. Q. E. D. 


237. Schol. As a ſpectator walks from F towards A, his images in 
the two ſpeculums AB, AC continually approach nearer together; and 
at a certain ſtation he will ſee two heads and but one body. 

If the place of an object and of the eye be given, the phenomena 
> 40 & 44. may be caſily * deduced: As if H be the place of an object, its image 
I, will be viſible in the ſpeculums AB, AC, at all diſtances ; becauſe the 

angle of incidence HBF or HCF, is not leſs than the angle HF or 
HFC. And in the ſpeculums BD, CE the image will be alſo viſible 
to a conſiderable diſtance beyond H ; becauſe the angle of incidence 
HDG is not much leſs than the angle HGD. For, it is manifeſt that 
when the angle of incidence, is equal to the angle formed by the per- 
pendicular to the reflecting plane at the point of incidence and the line 


*11.1.&27. AO, the reflected ray is © parallel to AO, 


I. Euclid. 
PROP 
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er- ORF 
hat | ABR QP- AFL: - 080 
roy 238. The images of any ſector SRT, contained between two reffecting 
up- planes RS, RT, inclined to one another in the given angle SRT, will 
be all concentric ; and the number of theſe images will be ſuch, as will 
exaftly compleat the whole circle. | 
| The images of the ſector SRT, formed by the ſpeculums RS, RT, 
are * reſpectively the ſectors SRG, TRM: But it is manifeſt that the 
2 rays forming the image SRG fall on the ſpeculum RT, after the ſame 
ſpec- manner as if SRG was a real object; and fo the faid rays form a 
theſe ſecond image or ſector MRL. In like manner the rays forming the 
ſpec- image TRM, do, by the reflection of RS, form the image GRH ; and 


nage the images MRL, GRH, form the ſectors HRI, LRK, by the re- 
many flections of RS, RT reſpectively: Again, by the reflection of the rays 
wide forming either of the two laſt images, at the reſpective ſpeculums, the 
er of ſector IRK will be exhibited ; and fo on till the whole circle be com- 
Ines. pleated. But it is manifeſt, that none of the rays forming the image 
bject IRK, or which exhibit the ſpace IRK contained between the backs 


pa- of the refleCting planes SR, TR produced, can be again reflected or 
nited, form another image. Therefore &c. Q. E. D. 
and 239. Schol, 1. When the ſector SRT is not an aliquot part of a 
Ctator circle, the laſt image, as IRK, will be leſs than SRT, if the two 
of it, laſt perfect images HRI, LRK do not incroach one upon another; but 
1 arch WW when they do ſo incroach, they will both frequently appear only as 
, will one image, greater than SRT; but the ſaid image can never be twice 
There- as great as SRT. For it is manifeſt, that each ſpeculum forms the fame 
number of images of the ſector SRT; and therefore the remaining 
ages in ſector IRK, may be of any magnitude not ſo great as the double of 
-- and Wl the ſector SRT. Or, the two laſt images may perfectly join, ſo as to 


leave no {pace between them. 


240. Schol. 2, The images A, B, C, D, a, b, c, d of an object Q, 
image W placed between two ſpeculums RS, RT inclined to one another in any 
uſe the WW angle SRT, will be all in the periphery of the circle whoſe center is 
IFB or R, and radius =RQ: There will be one image, and no more, in 
> viſible WW each image of the ſector SRT; and the arches contained between the 
cidence I images will be alternately == 2QS and== 2QT. This is fufficiently 
eſt that WW manifeſt from the Prop. but it will not be amiſs to illuſtrate it farther. 
he per- hon the reflecting planes RS, RT, let fall alternately the perpendi- 
the line ¶ culars Qm A, Qua; AB, apb; BgC, bre; C, and cd: Then take 
nA =, na==nQ; B oA, pb epa; CD B, cr; D 
C, and 7d c. Now A, B, C, D; à, 5, c, d, arè the images formed 


Omen 


18 5 


Fig. 38. 


40. 1. 


x36 


37. J. 


Fig. 39. 


Fig. 40. 


* 240. II. and DC; we- have the places of the images A, B, C, D. 
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by rays diverging from Q upon the ſpeculums RS, RT reſpectivel 
alter [ST 4 3 four lefledion F or A, a are firſt 8 + 
the object Q; and the rays 3 from theſe images, fall upon 
the adverſe ſpeculums ſo as to form the ſecond images B, &; for the 
ſame reaſon theſe again form the third images C, c; and laſtly are formed til 
the images D, d. But in this GR becauſe the < SRT is an ali. 
and alſo an even part of a circle, the two images D, d coincide, - 
and make but one image, Hence it is ſufficiently manifeſt, that 1. All 07 
the images are in the periphery of the circle whoſe center is R, and 
radius is RQ; 2. there is one image and no more, in every image of 2 
the ſpace SRT; 3 the arch Ab=Bc==2QT; CAB; Ca= 8 
Q2=2QT; and Dc=QA = 2QS, Q. E. D. 1 
241. Corol. When the ſector SRT is 2, 4» X, 5» Le, =>» Kc. of a circle; W fled 
the number of images of the ſaid ſector, and of an object Q placed Z. 
between the two reflecting planes will be accordingly 2, 3, 4, 5, 9, 
19, &c. But when the angle SRT becomes pretty acute, one or more 
of the laſt images will become inviſible. 


242. Schol. 3. If two plane ſpeculums SR, TR, be placed parallel 
to one another; there will be a ſeries of images of the floor or ſpace. 
between them, indefinitely extended both ways ; there being no other 
limitation of their number, than what is cauſed on account of the de- 
creaſe of light, by the continual reflections: Alſo an object Q placed 
between the ſaid ſpeculums will have a like ſeries of images, all ſituated 
in the indefinite line Bg, perpendicular to the reflecting planes; and 
the diſtances between the ſaid images will be = 2QT and = 208, 
alternately, all which is evident from the preceding Scho/., A perſon 
ſtanding between two ſuch ſpeculums, will fee in that he fronts, the 
images of both his fore and back part, repeated ſeveral times in a long 


row ; but continually fainter the farther off. 


PROP. XVII. 


243. Having the angle of inclination SRT of two plane ſpeculuns 
RS, RT, and the ſituations of an object Q, and of an eye O, placed be- 
tween them; to trace the whole progreſs of any ray diverging from Q, 
which after any number of reflections comes to the point O. 

To prevent the confuſion of too many lines, let us trace only thoſe 
rays which diverge from — — RS. 

1. By drawing the perpendiculars QA, AB, BC, CD, upon the te- 
ſpective ſpeculums, and by taking mA = Q, oB = oA, C =#®, 


2. Draw 
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ely, 2. Draw a line from O to any given image (A, B, C, or D, &c.); 
s of and from the point where this line interſects the ſpeculum, draw a line 
pon to the next preceding image; and from the point where this line meets 

the the ſpeculum, draw a line to the next preceding image, and ſo on, 


med till you get to the object itſelf Q. This ray traced backwards from Q, 
ali- will be that which exhibits the given image to the eye at O. 

cide, Thus, to find the ray that exhibits the image D; draw the line 
All O&D, and from the point of interſection &, to the next preceding 
and image C, drawn the line #7C ; then draw the lines B, bgA, and laſtly 
5 & $Q a 18 g, gb, hi, ik, kO, is the ray that exhibits. the image D to 

For the & OFT RD SRC; and therefore the ray iE is re- »1 5.1. Zucl. 
ircle; flected from x to O. Again the < #iS=®Ci/K = KiB; and the Conſt. and 
laced f CI þR ="BbT=*ThA; alſo the C bgR ="AgS =*8gQ. There- 5 . J 
5 % fore the ray diverging from Q to g, is reflected from g to b, from b 
more to 7, from 7 to &, and from & to O. 2. E. D. 

In like manner the image C, is ſeen by the ray Qg, de, ef, FO; the 

aralle! image B by the ray Qs, 6c, cO; and the image A, by the ray Qa, 20. 
After the ſame manner, we may trace the rays diverging from Q upon 
other I the ſpeculum RT, till they reach the eye at O. 


"our 244. Schol, 1. It is worth obſerving, that the pencil of rays which 
ode exhibits any image to the eye, is reflected orderly as from each of the 
a and preceding images ; beginning with the firſt image, and from no other 


- 20s, parts of the ſpeculums: And ſo the whole number of reflections, is 

Go always equal to the whole number of images; as the images A, B, C, 
- the or D, are ſeen reſpectively by rays having undergone 1, 2, 3, or 4 
a long reflections. | 


245. Scbol. 2. The diſtance OD, of any image D, from the eye at 
O, is equal to the whole ray proceeding from Q, till after all its re- 
flections it arrives at O; that is OD=Qg+gh+bi+i&++O. 

It is manifeſt that Qg + gh = hA = B, and th ＋ B C; alſo 
Ci =D. Therefore &c. Q. E. D. 

In like manner OC = Qd de +ef+fO; OB = Oc cO; 
and OA Qa—+ aQ. + 


246. Schol. 3. The laſt image, as D, of a ſmall object Q, will be 
nvifible, whenever the eye O is ſo ſituated that the trait line OD paſſes 
through the center R; or ſo as not to touch either of the ſpeculums 
when they do not meet in R; and ſo in that cafe the next preceding 
image C, is to be reckoned the laſt image. Wherefore in ſuch caſes, 
| Daw] f the arch ST be 4, 4, 4+ 4, #52 or x, Kc. of a circle; the number of 
4 B b 2 viſible 


eculums 
1ced be- 


rom Q, 
y thoſe 


the fe- 


* 
—— 1 
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viſible images of a ſmall object Q, will be accordingly 1, 2, 3, 4, 8, 
or 18, &c. 2 


247. Schol. 4. In like manner as in Art. 243, may be traced the 
rays exhibiting any image of an object Q to an eye at O, placed be- 
tween two parallel ſpeculums SR, TR. Thus the image A, is ſeen by 
the rays Q, 7O; the image B, by the rays Qs, 57, tO; the image a, by 

, vO; and 5, by the rays Qx, xy, yO. But the images on one fide, 
will be viſible to a much greater diſtance, if the eye be placed behind 


one of the ſpeculums, looking through a hole in it, or over its edge, 


Fig. 41. 


242. II. 


d 238. II. 


A thew-box 
by plane ſpe- 
culums. 


Fig. 42. 


at the other ſpeculum. EN 


248. Schal. 5. By placing two plane ſpeculums AB, CD, at the end 
of a box parallel to one another; and looking over or by the edge of 
one of them, the images of the bottom of the box will“ appear con- 
tinued to a conſiderable diſtance. Or if twa ſpeculums AC, BD be 
placed upright in a box, but inclined to one another; the trapeſium 
CB would be repeated on each fide, till the images met; the images 
of the lines AB, CD being the chords of two concentric circles, whoſe 
center is the point where AC, BD produced, ' would meet. 

By joining the above four ſpeculums together, as is exprefled in 
the figure, the bottom of the box will be multiplied furprizingly ; 
there being here no other limitation to the number of images, but 
what is owing to their continual loſs of-light. The top of the box 
may be covered with thin canvas, which will let ſufficient light within, 
where may be placed ſome toy, as two people playing cards, or ſoldiers 
ſtanding century, &c. If theſe be ſet in motion, by wiers coming 
from their feet through the bottom or fide of the box; it will afford 
a ſpectacle ſtill more entertaining. Or, three plane ſpeculums joined 
together, will have a like effect: For the polygon formed by two of 
the reflecting planes, will be repeated by the other, &c. The bottom 
of the box may be covered with artificial moſs, ſhining pebles, flowers, 
trees, &c, but whatever they are, the upright figures between the 
ſpeculums, thould be ſlender and not too many in number; other- 


2 they will too much obſtru the reffected rays from coming to 
the eye. | | | 


249. Schl. 6. If the ſides of a little room, whoſe floor or baſe 1: 
a polygon as expreſſed in the figure, be all lined or covered with 
looking-glaſſes ; the room being enlightened either through the top; 
or by a luſtre of candles ſuſpended in the middle; objects in the room 
will be ſurprizingly multiplied, and that for the ſame reaſons as were 
given in the preceding. The ſhows lately exhibited, called Juminoui 


amphitheatres are of this fort, The room ſhould not be very * | 
or 


ottom 
owers, 
en the 
other- 
ning to 


baſe 1s 
4 with 
1e top; 
e room 
is wele 
mi noul 


large; 


for 


SECr. III. OF OPTICS, 


for the ſmaller it is, the oftner will the images be repeated before they 
grow too faint to be perceived. | 

Ihe preceding propoſitions are, I think, ſufficient for explaining any 
phenomena, that may ariſe from the combinations of plane ſpeculums; 
and ſome of theſe phenomena are ſo very entertaining, that I believe 
thoſe who have a reliſh for theſe ſorts of amuſements, will not think 
I have dwelt too long upon them. But before we cloſe this head, it 
will not be amiſs to explain the theory of looking-glaſſes, conſidered 
as they are mediums terminated by a refracting and a reflecting fide. 
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NOE. I. 


250. Having the focus of incidence, of rays diverging upon a plane 
looking -glaſs, whoſe thickneſs is given; to find the focus of the emergent 
rays, after their ſecond refraction at the fore fide of the glaſs. 

Let CF be a plane looking-glafs whoſe back, reflecting or quick- Fig. 4 3. 
filvered fide is EF, and thickneſs is AB; and let Q be the focus of 
incident rays. Having through the point Q, drawn the indefinite line 
NP perpendicular to the fides of the glaſs; in this line take the point 
G ſuch that AQ: AG:: 1: n; then will G be the focus of the rays * ;o. I. 
after their refraction at the firſt ſurface of the glaſs CD. 2. Take 
BH = BG, and H®* will be the focus of the rays after their reflection 37. I. 
at the ſurface EF. 3. Find the point R, by ſaying m: :: AH: AR; 
and R will be the focus required. That is, an incident ray, as Qa 
will be firſt refracted into ab, ſo as to belong to the focus G; then at 
b it will be reflected into bc, proceeding from the focus H; and laſtly 


at c, it will be refracted into &, ſo as to belong to the focus R. 
CE. J. | 


251. Schol. 1, Let Ar = AQ; that is, let 1 be the focus of rays 
reflected by the ſurface CD, before they enter the glaſs: And it will 


be Ry =—AB; that is, in a looking-glaſs, Rr = its thickneſs. 
For AH = AG + 2AB; Ar (= AQ) = AG; and AR ( 
AH) =-AG abs —AB - whence Rr AB = $AB. 2. E. D. 4 Conſt. 


2573 Schol. 2. Some of the rays diverging upon the Jooking-glaſs ED, 
may be ſeveral times reflected betwixt its ſurfaces, before they totally 
emerge; whilſt ſome others of the pencil emerge each time at the ſur- 
face CD. The emergent rays will have different focuſes 5, f, v, &c. 
all lying orderly one behind the other in the perpendicular BP; and 


the 
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the diſtances Rs, St, t v, &c. between the focus's 5, 1, v, will be each | 

= Rr = —AB. 
Thus, of a lender pencil of rays ſuppoſed to flow along the phyſical 


line Qa, ſome will be immediately reflected at 2 into ap, belonging to gl 
the focus ; but the greateſt quantity will enter the glaſs, along the thi 
line ab, and being reflected at &, along bc, will emerge into c& belong- eic 


ing to the focus R. Again, ſome of the rays proceeding along bc, 
will be reflected into cd, de, as if they proceeded directly from I, K 
reſpectively; and then ſome of them will emerge along e, proceeding 
directly from 3. In like manner, ſome of the rays may be reflected 
back at e into ef, then into fg, and at g, ſoine will be refracted into = 
gm; whilft ſome will be returned back along gh, Hi, in, &c. the focus's by 
of the reflected rays ef, fg, gh, Di, will be reſpectively L, M, N, P; the 
and of the refracted rays gm, in, will be t, v; ſo that GI, IL, LN, Ge. 
_ KM, MP, Ce. are each = 2AB; and Rs, sf, fv, &c. are _ 
each = Rr, 
By making the angles of incidence and reflection equal; it is mani- rer 
* 250. II. feſt that AL=AH =*AG + 2AB; BK =9BI=*BH + 2AB or ced 
= BG + GI; and therefore GIl= =2AB= KH. In like manner it is fur 
proved that IL, KM, LN, MP, &c. are each = 2AB. Again As= wh 


AK =ZAH +ZHK =*AR+Z2AB; and therefore Rs =ZAB 
* 251, 11, = Rr. In like manner it may be proved that 5 /=#v=Rr. There- wh 


fore, &c. Q. E. D. den 
| Light con- 253. That ſome of the rays of light, are reflected ſeveral times be- 7 
| derably ob- twixt the ſurfaces of a looking-glaſs, and that ſome of them are tranſ- w 
by — . a . =! 

laſs, mitted each time they come to the fore ſurface ; appears very plainly bs 


from the flame of a candle ſeen obliquely in it, exhibiting a ſeries of 


ſeveral images : In this caſe, all the images beyond R, will continually the 
decreaſe in brightneſs, till at laſt the rays become too faint to exhibit A, 
a viſible image. The flame of a candle will exhibit more viſible images 8 
than an opaque object, becauſe of its great brightneſs : And the ſeveral 2 


images are more diſtinguiſhable, the more obliquely they are viewed; 
becauſe then the angles formed by the ſpaces R, Rs, Gc. become ſo ge 
much the larger *, In other caſes, the images will partly cover one 
the other; and the more ſo, the larger is the object, or the thinner is POL 
the glaſs. From the above phenomenon we have a proof, that light 
ſuffers a conſiderable diminution in its paſſage through glaſs ; that is, be 


a 


It frequently happens that a looking-plaſs theory; but theſe are owing to the irregularities 
exhibits ſeveral images, at much greater —— of the ſurfaces of the glaſs. 
one from another according to the above 
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a great part of the light which comes to the ſurface of glaſs is pre- , 
eh vented from going the way it ſhould take, according to the theory of q 
refraction. ; 
cal 2 54+ Schol. 3. The diſtance beyond the fore ſurface CD of a Jooking- J 
to glaſs, of the image of an object ſticking cloſe to that ſurface, is =+ the b 
the thickneſs of the glaſs. For in this caſe, the points Q, A, r, do coin- F 
ng- cide; and ſo RA RT = AB. « 251, II. | 
be, Hence we have a ready way of eſtimating the thickneſs of a looking- How to eſti- | 
„K glaſs, by obſerving the diſtance betwixt a wier or a ſlender object laid mate the 
ling cloſe to the glaſs, and its image, when both are ſeen pretty 2 in locking. glaſt 
Red the fame viſual line: For the thickneſs of the glaſs in this cafe will be fet in a frame. 
into St of that diſtance, nearly; and the ſaid diſtance may be eſtimated, 
S's by comparing it with the diſtance betwixt two parallel lines ſeen at 
P; the ſame time. 
Sc, 2556. Schol. 4. In the annexed figure, Qa4cO is the courſe that a ray Fig. 44. 
| Are would take in coming from Q to an eye at O; if a lender pencil of 


rays impinging obliquely on the looking-glaſs CF, had its focs after 
refraction at the furface CD in the points G, R, found as in. the pre- 
ceding figure. But becauſe of the aberrations of refractions, at the. 56. I. 
ſurface CD; the ray Qz will be refracted into ad, whofe focus is ſome- 
where in the line AG, * farther from Q than G. Again the ray ad will 
be reflected into de, making the C Bdh=Aed=*Aag="Dep; and 29.1. Euct, 
laſtly the ray at e will emerge into eo, whoſe focus is x lying ſome- 11. I. 
where between Rand 7 ; and the greater is the obliquity of the inci- 
dent ray, the greater will be the aberration Rx. For, when the point 
of incidence a, is neareſt of all to A, then Ax =*AR: And it will « 50. 1. 
always be Aa: ae::.*Ar: rx: For the ¶ Aag being=Dep, the Dee VI. xy. 
SOA == Aar; and ſo ex is parallel to ar. Suppoſe the line ag to 13. and 
be produced, till it meets the perpendicular AG: produced in a point y;.16. I. 
then it will be yA: AB:: Ag: zac. But as the point à recedes from Conſtruct. 
A, the ratio of A to AB, is continually increaſing ; and therefore the 
ratio of ae to Aa is conſtantly decreaſing ; and fo the point x is con- 
ſtantly approaching nearer to r. But x can never coincide with , till 
Aa becomes infinite; for till then the ratio of Aa to ae, and conſe- 
quently of Ar to 7.x, will be finite. Therefore the point x is always 
betwixt Rand 7; and as the point à is nearer to or farther from A, the 
point x will be nearer to R or 7. Q. E. D. 

In like manner the diſtances between the focus's R, 5, f, v, &c. 
which here correſpond to thoſe in fig. 43, will, as à recedes from A, 
be alſo leſſened, fo as to be always about rx. But the focus of a. 
pencil whole axis is Qg dee, will be in the line oe x, nearer to e * 

3 Or, 
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For a ray diverging from Q upon a point of the ſpeculum which is 
nearer to A than @, will have its focus after emerſion, betwixt x and 
R; and a ray falling on the other ſide of 3, will emerge in a line 
proceeding in a point * betwixt x ander; and fo theſe two rays will 
interſect the line ex, in a point between x and e. So that a line con- 
necting the ſeveral ſucceſſive images made by the reflections within the 
glaſs, or thoſe correſponding to R, 5s, t, v, &c. will be inclined from 
BR: towards d, and allo a little curved. When the 4 AQs is 60 deg, 


rx will be only about = AB. | 


Someobſerva- 
tions whereby 
to judge of the 
goodneſs of 
plane ſpecu- 


lums, 


256. All ſpeculums ſhould be exactly figured, and well poliſhed : 
The goodneſs of figure of a plane ſpeculum is eaſily known, by ob- 
ſerving if images, ſeen in all politions, eſpecially in very oblique ones, 
and from all parts of the ſpeculum, appear exactly equal and fimilar to 
the objects; that is, if the images, eſpecially of the remoteſt objects 
in the room, appear natural without having any part of them diſtorted, 
the ſpeculum has a good figure : The ſtrait edges of the rails of wain- 


ſcot, are good objects for this experiment. A plane muſt be exceeding 


bad, that will diſtort a face looking into it ; becauſe the rays being re- 
turned almoſt directly back to the eye, ſmall aberrations cannot be ſen- 
ſible : But let two perſons look at each other's image as obliquely as 
they can, and they will ſooner perceive if the figure of the ſpeculum 
is faulty. | | 

It is deemed a very difficult thing to grind a true plane; and the 
difficulty of making a good looking-glaſs is ſtill greater, becauſe the 
two ſides ſhould be exactly parallel, as well as flat. If the images of a 
candle, ſeen very obliquely, as in fig. 44, and in different obliquities 
and from all parts of the glaſs, do not always keep pretty nearly, at 
equal diſtances one from another, it is a proof that the ſides of the 
glaſs are neither flat nor parallel. Another method, analogous to the 
preceding, of trying the goodncſs of a looking-glaſs, is thus: Stick a 
pin or ſlender wier by the point, in the upright jaum of a window 
frame, or in a bar of the ſaſh, ſo that the pin may be nearly horizontal 
and in the plane of the window; then hold the looking-glaſs, and turn 
it about ſo, as to ſee the images of the pin very obliquely, and from 
all parts of the glaſs: In this caſe, there will be ſeldom viſible but two 
images, correſponding reſpectively to R, , fig. 43, 44; and if theſe 
images keep always exactly trait, parallel, and at regular diſtances one 
from another, according to the theory in the preceding, the glaſs is 
well figured ; and the phenomena, if the glaſs is good, will be alſo a 
confirmation of that theory. The phenomena of the different diſtances 
of the images from each other, will be the more conſpicuous, if two 


pins be ſtuck parallel to one another, and at a ſmall diſtance aſunder: 
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By this method alſo, the correctneſs of figure of a metalline plane 
ſpeculum, may be alſo examined, By making fuch trials, one ſhall 
obſerve a prodigious difference in the goodneſs of looking-glaſſes; and 
it is very rare to meet with a common glaſs, as will bear the teſt in all 
its parts *. | 

In all ſpeculums, ceteris paribus, the better they are poliſhed, the 
brighter will be the images; that is, the more light the eye will re- 
ceive from given objects: And this affords us a method of examinmg 1 
the goodneſs of ſpeculums as to their poliſh, whenever we have an op- { 
portunity of comparing ſeveral of the ſame ſort, and in the ſame light, 
together. The darker is the colour of a glaſs ſpeculum, it is generally | 
a ſign of a higher poliſh: For the glaſs itſelf can be no otherwiſe ſeen, 1 
than by the reflections of ſcabrous particles, not lying even and ſmooth 1 
with the reſt of the ſurface. But different glaſſes, though equally L 
well poliſhed, will not always appear equally dark ; yet generally the - 
rula above takes place, and the darkeſt is to be preferred. [ 
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d. 2. Of viſſon by the refledion of ſpherical ſpeculums. 
PROP. XIX. : 
257. To explain the phenomena of viſiun by light reflected at a convex 


ſheculum. 


In a convex ſpeculum, the images of objects are always ſeen erect, 
2 little convexed towards the eye, and diminiſhed, yet pretty nigh to 
the ſpeculum: And the greater is the convexity of the ſpeculum, or 
the ſmaller is its radius, the nearer, the ſmaller, and the more convex 
will be the images of given objects. 

Theſe phenomena agree exactly with the theories of images, and * 111 to 
of viſion. In the annexed figure, BAC is a convex ſpeculum, whoſe ' 16. J. 
center is O; and the principal foci in the axes OP, OQ, OR, are E, F, 1 
G; the curved line pgr, is the geometrical image of the ſtrait object 15 Aa 
POR; and gt is the image of the object SVT. The lines ſpreading 845. 
from BA towards PR, repreſent rays that originally diverged from P, 
and are now reflected from the focus p; and the lines proceeding from 
the part CA of the ſpeculum, repreſent rays belonging to the phyſical 
point R, and now diverging from the focus T. In like manner, as 
'ays diverge upon the ſpeculum from every phyſical point in the object 

PQR; 

* have a ſmall looking-glaſs by me, 2 by examining it very critically, one may diſ- 


_ a peculiar manner by a ſkilful hand, that cover that even this is not-quite perfect. 
auwers much better than ordinary ; though 


ee 
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PR ; ſo after reflection, they diverge from every correſpondent point 
in the image pr. And as it is manifeſt, that ſome rays belonging to 


p and r, will after reflexion from ſome part or other of the ſpeculum, 


be mixed throughout the whole ſpace BC KH; fo wherever the eye is 
placed within that ſpace, it will ſee the whole image þ f r Thus, if Kg 
be the breadth of the pupil; an eye placed at Ka, will fee the point x, 
by the pencil of rays whoſe baſe is K a, and vertex is ; and the point 
p, by the pencil of rays Kpa. And as this is agreeable to the manner 
of naked viſion, ſo pg r appears as a real object, of the ſame colour 
with PR; becauſe it is ſeen by rays propagated from PR, without 
having undergone any other change, than that of being made to di- 
verge more, which is the cauſe of the diminution and convexity of the 
image. 


It the ſpeculum is a pretty large ſegment, it will exhibit the images 


of objects that are pretty wide aſunder; ſo that part of the ceiling, 
floor, and two ſides of the room, may be ſeen at the ſame time; the 
whole making a kind of “ picture, very agreeable in its effect: And 
the nearer the eye is to the ſpeculum, the © larger will be the field of 
viſible images. If while the objects and ſpeculum remain fixed, a 
ſpectator moves towards or from the ſpeculum ; the apparent places 


and magnitudes of the images, will remain invariable : But if an object 


moves towards or from the ſpeculum, its image will alſo appear to move 
the contrary way; and as it approaches nigher or recedes farther, it 
will accordingly appear more and more enlarged or diminiſhed, All 
which is entirely agreeable to the © theories of apparent diſtances and 
magnitudes of near objects; and a notable confirmation of that theory. 


258. Schol. 1. If a convex ſpeculum be placed againſt a window 
having an extenſive proſpect, or facing the end of a ſtreet ; the great 
multiplicity of objects that are ſeen, one behind the other, and the 
diminution of their images ; will, ſometimes after poring into the ſpe- 
culum, make us fancy that theſe images are a great way off, and per- 
haps farther than the objects are: But if we look more attentively, 
this miſtake will ſoon be corrected; and the apparent places of the 
images, will not differ ſenſibly from their real places, or thoſe places 
from whence the rays diverge to the eye. 


259. Schol. 2, When the eye ſees the image very obliquely, the 
rays in that caſe diverging from focus's that are nearer to the ſpeculum 
than pqgr; the place and figure of the apparent image will be different 
from thoſe of pq r : But the image will not be ſenſibly the leſs 1 

becauk 


P The appearance here is a kind of mean be- and upon this account therefore, and alſo for 
twixt that of the objects themſelves, and that grouping the objects, a convex ſpeculum may 
of a good picture of them on a flat ſurface ; very uſeful to a landſkip painter. 
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nt becauſe, though the rays that enter the eye have great aberrations from 

to the axes of the pencils, yet as they make but a ſlender pencil, they 

m, have but ſmall aberrations from one another, and therefore cauſe no 

18 confuſion. 

La Thus, to an eye at bc, the apparent image of the object PQR is Fig. 46. 
7 gt v, lying in a different poſition from the geometrical image þp qr, and 

int MW betwixt it and the ſpeculum. And as the pencil of light coming to 

ner the eye from P, falls more obliquely on the ſpeculum, than that which 

our comes from R, ſo g is greater than vr; and for a like cauſe the cur- 

out MW vity of 5, is different from that of pr; and it will ſtill vary ac- 

di- WF cording to the different ſituations of the eye and the object. 

the 260. Schol. 3. As the rays diverge much more after reflection by a Why images 


convex ſpeculum, than they did before; ſo this is another reaſon, be- e 
ſides that on account of the uſual loſs of light by reflection, why images very dark. 
ſeen in ſuch ſpeculums, appear much darker than the objects. Thus, Fig. 46. 
the eye at bc, receives no more light from P, than what is contained 

in the ſlender pencil Pd; the two extream rays of the pencil Pa, being 

reflected reſpectively to & and c, the edge of the pupil. In like man- 

ner, the two extream rays in Rg, are reflected reſpectively to & and c. 

But the pencil Rg is a little broader than Pd, becauſe it falls leſs ob- 

lique on the ſpeculum ; and therefore the point v of the image, will 


be a little brighter than the point 3. 


PROP. XX. 


To explain the phenomena of viſion in ſpherical-concave ſpeculums. ; 


This propoſition admits of three caſes, according as the object is be- 

tween the ſpeculum and its principal focus; between its center and 

that focus; or farther off than the center. In the annexed figures, Fig.47,49, 
BA is a concave ſpeculum, whoſe center is O, and principal foci are 50, 51. 
1: the arch EFG: POR is a rectilineal object, placed at right angles to 

the axis AOQ, of the fpeculum; and pqr is its geometrical image. 

The ſtrait lines iſſuing from the ſpeculum, repreſent rays which diverged 

upon it from the reſpective points P, Q, R; and which now diverge 

from, or converge to, the reſpective points 2, 9, 7; the aberrations of 

the more remote rays not being here conſidered, The rays iſſuing 
immediately from the object to the ſpeculum, are not here repreſented, 

to prevent the confuſion of too many lines. 


201. CAsR 1. When the object is between the ſpeculum and its princi- 


pal focus, 3 l 
In this caſe, the images of objects are always * erect, and* magnified;, 5 1 | 
nd the nearer is the object to the principal focus F, the greater will » 111. J. 


CC2 be 
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be its image. If the object is a ſtrait line or a plane, placed at right 
angles to the principal axis AO, its geometrical image will be always 


© concave; and the nearer the point Q is to F, the greater will be the | 
concavity of the image pgr. In the figure, the rays diverging from 
the part BA of the ſpeculum, are the rays belonging to P; and thoſe | 


diverging from the part CA, are thoſe which came from R. If the 


rays belonging to P and R, had been alſo drawn from the other halves 


of the ſpeculum, they would have interſected throughout the whole 


2 BCKH ; and therefore to an eye placed any where within that 


pace, the images of the points P, R, and conſequently the images of 


every other point of the object PQR, will be viſible, As if Ka be the 
lace and breadth of the pupil; the eye will ſee the image of the point | 


, by the pencil of light a#AK ; and the image of the point R, by 
the pencil adCK. In like manner, the eye will ſee every point of the 


image pr, by pencils of rays, reflected from the ſpeculum between 


b and C. 


Phenom, In the caſe above, the image always appears erect, and 


larger than the object; and, if while the object and ſpeculum retain 


the ſame poſition, the eye moves a little either way in the axis AO; | 
the apparent place, figure and magnitude of the viſible image, will 
continue much the ſame. Alſo, if the geometrical image is pretty near 
the ſpeculum, ſo that the rays in the pencils entring the eye, have ſen- 


ſible divergencies; the viſible image will appear pretty near in the ſame 
place, and of the ſame figure and magnitude with the true image. But 
when the geometrical image is remote from the ſpeculum, its apparent 
place will be in a manner indeterminate; and variable according to 
different circumſtances of light, and particularly as the eyes happen to 


have a different conformation for ſeeing at different diſtances. But the 


viſible image never appears very remote; and in ſome caſes, it will 


ſeem to approach the ſpeculum, when the geometrical image recedes 


from it; and ſometimes it will appear ſtationary, when the object 1: 


in motion. 
Thus, let PR repreſent the length of the face of a perfon viewing 
his own image in the ſpeculum BAC, from different ſtations in the | 


axis AF, When PR is near to the ſpeculum, its viſible image on the 


other fide will be pretty nearly in the fame place, and of the ſame | 
figure and magnitude with the geometrical image pr, as has been ob. 


ſerved above; the rays in this caſe having a ſenfible divergency, and 


the geometric image pr being not very concave. As PR recedes from 


A, its image for a little while will alſo appear to recede-from A, but 
not to faſt as the geometric image þp qr, till at length the viſible 1 
4 WII 
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will become ſtationary ; or it may even ſeem to approach towards the 
ſpeculum, more eſpeoially if PR is an object whoſe image is viewed 
by a ſpectator placed near the center O. For, as the object advances 
towards F, the divergencies of the reflected rays become leſs and leſs 
ſenſible, whilſt at the ſame time the images of the ſmaller parts of the 
object, appear, pretty nearly, equally bright and diſtinct; alſo as our 
ſpectator recedes from A, his image fills a larger part of the ſpeculum; 


this part * being a ſegment, whoſe breadth is the meaſure of about half 


the angle POR. So from all theſe conſiderations, we ſee why, as the 
ſpectator retreats from A towards F; his apparent image at firſt retreats 
from the ſpeculum pretty quick ; then flower and flower ; at length 
becomes ſtationary ; and at laſt may even ſeem to advance forwards +. 
If the ſpectator be at O, the viſual angle of an object PR will be con- 
ſtantly increaſing, as Q retreats from A towards F; that angle in this 
caſe being always = POR. 
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262. Again, When the apparent diſtance of the image is leſs than Apparent 


the geometrical diſtance ; its apparent magnitude © will be leſs than the 


geometrical magnitude, And while the apparent diſtance increaſes but 
lowly, or remains the ſame; the apparent magnitude will increaſe but 
ſlowly, or it may remain for a little while invariable ; for the viſual 
angle I decreaſes, though ſlowly, whilſt the ſpectator ſees his ima 
reflected from a larger part of the ſpeculum ; and for this laſt cauſe, 
the apparent magaitude ſcarce ever ſeems to decreaſe by retreating from 
the ſpeculum. 

For the above reaſons, the image of a flat and blank ſurface, will 
not appear ſo concave as the geometrical image : For not being able to 
determine the true diſtances of the different parts of this image, we 
ſometimes fancy it to be pretty near flat, like the object. But when 
the geometrical image is not very remote, our prejudice will be over- 
come ; and the image will appear more concave, as we view it more 
attentively. In ſome caſes, we have farther aſſiſtance for judging more 
accurately of the place of the image ; and then the phenomenon is || 
ſurprizing. | 

263. 

* If P be the eye, and PQ=QR ; the image are alſo denſer, than when we ſee an object at 
of the point R will be ſeen by a ray reflected the fame diſtance by naked viſion; and the in- 
from a point near to A, and that of P, by a ray petus's upon the retina being probably chiefly in 
OP after reflection. proportion to the quantities of light in each 

+ As the rays have but a little way in coming pencil, this may be yet another and more 
from the object to the eye, and therefore as powerful cauſe of the above phenomera. 
many as come ftrike as vigorouſly upon it, as f If P be the eye, and PQ=QR; the viſual 
they uſually do when we ſee near objects; this < of the image will beg APS =PAO +POA; 


may be thought a cauſe why the image ſhould and the < APp is leaſt when Q 1s in F. 
not appear very remote: The pencils of light | See Prop. XXI. 
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263. Schol 1. If a hollow cone be held with its baſe towards the 
ſpeculum, and at ſuch a diſtance that its vertex may be near the prin. 
cipal focus F; its image will appear projected into a F * length, ig 
according to the theory of the geometrical images of different parts of tha 
the cone. The reaſon of which, is, our having in this caſe, a ſeries of ſte: 
theſe images, lying orderly one behind the other, we are enabled 


thereby to judge of the places from whence the rays diverge to the ” 
eye, more truly; and the whole viſible length is protracted ', be- in 
cauſe of its really containing a great number of viſible parts. It is FF 
for the ſame reaſon, that if a ſtrait ruler or ſtick be held before a hy 
concave ſpeculum, ſo as to lye pretty near in the axis, as AF, and oo 
ſo that the fartheſt end from the ſpeculum is pretty near to F; the ber 
image of this end, will appear much farther, than will the image 70 
of the ſtick if it be held croſs-wiſe at the ſame diſtance from F. The way 


Fig. 48. 
105. L 


image of the ſtick will alſo appear conical ; the remoteſt end of the 
image appearing the biggeſt. And for the fame reaſon, the image of bee. 
the above cone, will be nearly cillindrical, or much more acute than | 
the cone itſelf, In like manner, and for the ſame reaſon ; the noſe, and 
fide of a face, will be protracted much more, and the hollows ſunk 


deeper, than in the proportion that the length and breacth of the face 5 2 
are magnified. | * 

264. Schol. 2. The pencils of light coming to the eye from an ob- uh 
ject PQR, placed before a concave ſpeculum, diverge from * a greater WI 
diſtance than the geometrical image 9er, as from 5 v. The image poco 
t will be alſo bigger, and have a different figure than pgr; and if the 
the eye is out of the principal axis, as in the annexed figure, the poli- ¶ reac 
tions of pgr and St, will be alſo different. But the phenomena will W 
be as in Art. 261, and that for the reaſons there aſſigned ; excepting com 
that when the eye ſees the image obliquely, as from & c, its apparent W nake 
poſition will be nearly ſimilar to the real poſition of 57 v. W foo 

265. Cas 2. When the object is between the principal focus, and the ¶ thou 
center of the ſpeculum. 

We have before brought a ſpectator viewing his own image, as far MW 1 © 
from the ſpeculum, as its principal focus; and for the reaſons * that WE precer 
have been given, his image ſeen from that focus will appear erect, | pencil 
magnified, and pretty near the ſpeculum, As he retreats from hence 12 
towards the center, the geometrical image of his face will be behind I bort 
him, b advancing till towards him, and at the center ® the image and I dan 
object will both unite, During this retreat, the image appears ſtill I ecu, 
ere, becauſe the rays belonging to each viſible point, do not interſect 1 
before they reach the eye: The image becomes leſs and leſs dine en 
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and at the ſame time its viſual angle is increaſing, ſo that at the center 
or rather before, the whole will be loſt in confuſion, 

In this caſe, the picture is made before the retina ; and yet the in- 
diſtinctneſs is not like that of remote objects, but on the contrary, like 
that of objects viewed too near, For the ſmall parts of the object, in- 
ſtead of becoming inviſible, for want of ſubtending angles ſufficiently 
large, do appear larger than common ; the increaſe of magnitude being 
manifeſt, by the image filling a larger part of the ſpeculum. But yet 
in the preſent caſe, I think, the image never appears before the ſpe- 
culum, but rather as it were ſticking to it: And that perhaps may be 
owing to a prejudice ariſing from our frequent looking into plane ſpe- 
culums, where the images are always on the other fide: Or, having 
here no aſſiſtance from the different conformation of our eyes for viſion 
at different diſtances, we naturally look directly at the ſpeculum, and 
nothing being perceived betwixt us and it, we cannot fancy the image 
nearer than the ſpeculum we look at ; nor can we fancy it much farther, 
becauſe of the manifeſt increaſe of its apparent magnitude . So that 
here, the apparent places of the image continue pretty near the ſpeculum ; 
and therefore its apparent magnitudes, are nearly as the viſual angles. 


266. To illuſtrate this caſe farther : Let an object PQR be fixed Fig. 49. 


between the principal focus F and the center O, whilſt the eye looks 
tor its image in the ſpeculum, from different parts of the axis Ag, If 
the pupil of the eye be bc; the images of the points P, Q, R, will be 
ſeen by the pencils of rays * bdAc, befc, bAgc, whole reſpective 
focus's are p, 9, „: Now if the conſtitution of the eye be ſuch, that 
the rays contained in the above pencils are brought to unite before they 
reach the retina, the repreſentation of PR will be + confuſed ; as re- 
mote objects appear to ſhort-ſighted perſons. But although the rays 
come to the eye converging, which is a cafe that never happens in 
naked viſion ; yet as they are orderly reflected according as they come 
from different parts of the object, they convey an idea of that object, 
though an indiſtinct one, both as to its ſhape and colour. And in the 


| reſent 
1 See Art 251. II. and its note +. object that is behind him, the larger will be the 


* Some have thought the confuſion in the 
preſent caſe, to be owing to the mixture of the 
may upon the ſpeculum : But although the 
argenels of the ſpaces upon the ſpeculum taken 
up by tie pencils entring the pupil, are propor- 
uonable to the degree of convergencies of the ex- 
team ray: ; yet, from the obſervations lower 
donn in the above | aragraph, it is manifeſt 
enough. that this is not the immediate cauſe of 
the indiſtingneſs. The pencils belonging to the 
acjacent viſible points of an object, are mixt 
upon a plane ſpeculum ; and the nearer the eye 
to the ſpeculum, looking at the image of an 


ſections made at the ſpeculum of the ſeveral 
pencils: But yet no indiſtinctneſs ariſes upon 
that account. | 

+ The confuſion occafioned by the conver- 
gencies of the rays, may be remedied by a con- 
cave lens of a proper concavity ; and the nearer 
the eye is to the image, the more concave the 
lens muſt be. If the eye be at g, the confuſion 
will be irremediable by any lens held cloſe to it; 
but it may be remedied by a concave lens held 
at a proper diſtance before the eye, which di- 
ſtance muſt be the greater, the leſs concave is 
the lens. 
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preſent caſe, an aged perſon might ſee diſtinct enough, and perhaps 
diſtincter too, than he is ever able by his naked ſight : For whatever 
be the diſpoſition of the rays coming from every viſible point of an 
object, before they enter the eye, as diverging or converging ; viſion 


will be ſtill diſtin, if the ſeveral pencils are not mixed upon the re- 


tina; and the apparent places and magnitudes will be according to ſome 
general laws of viſion in other caſes ; that is, as ſome of the ordinary 
helps are wanting, others will preponderate. 


As the eye recedes farther back from the ſpeculum, the confuſion 


of the image neceffarily increaſes: As when the pupil xy is at the 
center O, it receives from the points P, Q, R, the pencils By, dxyg, 
rx yC, whoſe extream rays converge about twice as much as thoſe of 
the former pencils. And before the eye is got quite ſo far as 9, the 
whole image will be loſt in confuſion. Again, all the way from A to 
9, the image neceſſarily appears erect; and alſo its viſual angle is con- 
ſtantly increaſing. 


267. Schul. 1, As the eye recedes from A towards 9, the field of 
viſion in the given ſpeculum, of an indefinite object PR, is continu- 
ally diminiſhing ; ſo that beyond K, none of the rays belonging to the 


points P, R, can enter the pupil; and at 3, the ſaid field will be di- 


miniſhed to nothing. After the eye has paſt 9, the field of viſion of 
the indefinite object PR, will again begin to open, and the farther 
back the eye is from 9, the wider will be the ſaid field. The cauſe 
of all which is manifeſt, from an inſpe&ion of the figure: See 40% 
121. J. | 

After the eye has paſt 4, the image will appear inverted, and for 


ſome time continue indiſtinct, as in the caſe of objects viewed too near, 
till the eye is got ſo far, that the rays entring it have a proper diver- 
gency for diſtinct viſion. But as the image itſelf is fo much the rarer, 
in proportion as it is magnified, and the pencils of light entring the 


pupil continually decreaſe in denſity, as the eye retreats farther back; 


ſo beyond a certain diſtance, it will be difficult to find the image, un- 
leſs it be that of a bright object, 'as a candle ; and when it is found, } 
for the above reaſons, the ſpectator will be apt to fancy it farther from 
him, than it really is; and conforming his eyes accordingly, this alſo 


will cauſe an indiſtinctneſs. 


268. Schol. 2. If the object be a ſtrait ſtick or a plane at right angles 


to the axis of the ſpeculum, its image, to a ſpectator at a proper di- 


ſtance behind it, inſtead of appearing concave, will be convex, and 
that pretty much too. This phenomenon, as at firſt ſight it may ſeem 


to involve ſome difficulty, deſerves to be farther explained. 
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Let, as before, pq r be the geometrical image of the object POR, Fig. 30. 
after reflection by the ſpeculum BAC; and let bc be the breadth and 
place of the pupil. Now the extream rays te, gtb of the pencil be- 
longing to Q, being not remote from the axis AQg, will diverge to 
the eye from a point : that is very near to 9. But the neareſt ray &5c 505. 1. 
to the axis POD of the pencil belonging to P, that can cnter the pupil, 
being very oblique to that axis, will interſect it at a point „ much 
nearer to the ſpeculum than ↄ; and the reſt of the rays belonging to 
this pencil will interſe& the axis a little farther from p, than 5; the 
extream ray Cy interſecting the ray ksc in y. In like manner, the 
neareſt ray Yu, to the axis ROH of the pencil belonging to R, inter- 
ſects that axis at the point v; and the extream ray Bxc interſects the 


And ſo the apparent image 


269. CAsE 3. When the object is farther from the ſpeculum than 
ts center, 

In this caſe the geometrical image is always inverted, a little *® con- 112. 1. 
cave if the object is a plane, and © between the center and principal focus 116. I. 
of the ſpeculum. The farther the object is from the center, the * leſs © 97. J. 
will be its image, and the * farther from the ſaid center, or the nearer * 111. J. 
to the focus; and the converſe, If the object be in the center, its image 
will coincide with it. 

Phenom. Let PR, repreſent a ſpectator viewing his own image, at a Fig. 51. 
conſiderable diſtance beyond the center O of the ſpeculum : In this 
caſe, his image will appear inverted, ſmall, faint and indiſtinct: It is 
faint, becauſe but few rays are contained in the pencils that enter the 
pupil; and this faintneſs, * cauſes the apparent diſtance to be ſo much « 198. 11. 
the greater, ſo that the image generally appears beyond the ſpeculum ; 
and this miſtake adds to the indiſtinctneſs. As our ſpectator advances 
forward, his image will appear gradually larger and brighter, and allo 
to approach nearer to him; but if he does not ſee it betwixt him and 
ine ſpeculum, it will continue ſtill indiſtinct. 


270. In the caſe above, if the obſerver holds out a ſtick with its end Phenom. of = 
towards the ſpeculum, he will immediately perceive its image come 1 
out to meet him; the length of the image now aſſiſting him to judge cam. 
more accurately of its diſtance: The image of the ſtick will appear 
ſhorter than the ſtick itſelf; and if the object be a cillinder or a ruler 
with parallel ſides, the Image will appear taper ; that end being ſmalleſt 
Which is held in the hand, or which appears fartheſt off: Both which 
phenomena, of the ſhortening and tapering of the image, are exactly 


agreeable to the theory of the geometrical image. It the ſtick be 
D d ſtretched 


Wien the in- 
verted image 
appeats di- 
mtincteſt. 
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ſtretched onwards nearer to the ſpeculum, its image will be ſeen to 
advance farther out; and when the end of the ſtick is in O, its image 
will be ſeen there alſo. If the ſpectator advances farther, he will ſee 
the ſtick and its image paſs by one another. After this, ſtretching out 
his arm without the ſtick, he will ſee its image come out, and he may 
graſp, as it were, his own fiſt: And if he now minds the image of 
his face, he will ſce it ſuſpended in the air, at the proper place, be- 
twixt him and the ſpeculum. 5 


271. As ſoon as the image is ſeen in its true place, it will become 
2 determinate and fixed object, whereas before it ſhifted its place as it 
were caſually; and then, and not till then, it will appear perfectly 
diſtinct; and tmall (ſpecks or pits in the ſkin, though diminiſhed, will 
yet be well defined. This phenomenon is ſo ſtrong and lively, that I 
have known people ſtartled at their own image, the firſt time of their 
obſerving it. | 

Aiter making a few trials, a perſon will find the true place of his. 
image pretty readily, if he is not too far off or too near it; and it 
will continue diſtinct, as he moves to or fro, for ſome diſtance. When 
he has got within a few inches of it, the image will begin to be in- 
diſtin ; and this indiſtinctneſs will increaſe, till he has got to the 
center O, where the image will be loſt in confuſion. If he advances 
beyond the center, he'll begin to have ſome glimmering of an erect 
image, which will grow diſtincter as he advances forwarder, as has been 
already explained, 


272. If PQR be an object remaining fixed, while the eye is in. 
motion along the axis AOQ; the image will appear inverted all the 
while that the eye is behind pgr; and when it is at ſuch a diſtance, 
that the image appears at the place pg r, it then alſo appears diſtinct. 
If the eye is far behind the image, it will appear faint for want of 
ſufficient light; and if it be too near it, it will be indiſtinct becauſe of 
the two great divergencics of the rays: If the eye gets before the 
image, it will appear erect and confuſed, which confuſion will leſſen 
as the eye gets nearer the ſpeculum, becauſe the convergencies of the 
rays will be leſſened. | 

If the eye be fixed, while the object PQR moves towards the center 
of the ſpeculum ; as the real magnitude of the image will be there- 
by all the way increaſing, ſo alſo will its apparent magnitude. If the 
eye is pretty near the center O, the above motion of the object will 
cauſe an indiſtinctneſs, which will increaſe as the image approaches 
nearer the eye, If the eye had been placed between the image and 


the ſpeculum, the indiſtinctneſs of the image would have leſſened, 2 
8 the 
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the obje& advanced nearer towards the center. And in both caſes, the 
contrary would happen, if the object retreated farther back. 


273. Schol, 1. In the two laſt caſes, if the eye be out of the prin- 
cipal axis, the figure and poſition of the image formed by the pencils 
entring the pupil, will be different from thoſe of gr; as has been 
before * exemplified in other caſes. But as generally here, viſion is 259 and 
indiſtinct, and the apparent image neceſſarily differs in ſome circum- 263. 
ſtances from that formed by the concourſe of the rays entring the pupil, 
it would be needleſs to dwell upon this any farther, 

When the eye is in the axis Qg, at a ſmall diſtance behind pr; the Fig. 51. 
apparent image will be leſs concave than pgr, and may be even convex; 
becauſe the pencils entring the pupil from the exiream parts, diverge 
from focus's that are“ nearer the ſpeculum than the points p, 7, as in» 105. I. 
Art. 268. 


274. Schol. 2. When the eye is in or near the principal axis, and Fig. 49, 30, 

between the image pgr, of a plane object PQR, and the ſpeculum; 51+ 

the image generally appears concave or hollow, In this caſe the object 

is ſomewhat leſs indiſtin& about the middle, than towards the extr-ams ; 

becauſe the rays belonging to the middle of the object converge leſs 

than the others, at their entrance into the pupil. And this ſeems to 

be the reaſon why the middle appears farther, or at a properer diſtance 

for diſtinct viſion ; the greater indiſtinctneſs in this caſe, ſuggeſting a 

nearer diſtance of the object, as when we approach one too nigh, 

though the cauſes are quite oppoſite. See 265. II. 


275. Schol. 3. A ſmall image 3 of an object Q, ſeen with both Fig. 32. 
eyes in a concave ſpeculum, will appear double, as at and n; if the 
optic axes avF, SF are not directed to , but to ſome point F beyond 
it. This phenomenon frequently happens, as we are apt to look to- 
wards or beyond the ſpeculum, for the image; and the * cauſe of it is, 59. II. 
the points 7, s, where the viſual rays Q29gvr, Qu qvs meet the retina, 
falling on different ſides of the points a, & in the optic axes. In like 


manner, if pgr, fig. 49, be the image of an upright and flender ob- 


ject, as a wier, &c. this image to a ſpectator beyond it, will alſo fre- 
quently appear double, and that for the ſame cauſe. 
Again, when the image 9 is behind the ſpectator; there will appear a Fig. - 

double image, it the ſpeculum be broad enough, to throw rays diverging 

upon it from Q, into both eyes. For in this caſe alſo, the points , 5, 
where the viſual rays Bur, Cos, meet the retina as they are tending 
towards , are on different ſides of the optic axes; and therefore viſion is 
double : The caſe here is the ſame, as when the object ſeen, is farther 

than the point we look at ; which is the reverſe of the preceding. 
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276. Schol. 4. The inverted image of a perſon ſtanding a little way 
behind it, appears to him equally bright and diſtinct, with his image 
in a convex ſpeculum of the ſame radius with the concave one, and 
when he is at ſuch a diſtance that his image is of the ſame ſize in 
each, For, it 1s manifeſt that the denſities and divergencies of the rays 
in the ſeveral correſponding pencils, at their entrance into the eye, are 
the ſame in both caſes. 

L have been the more particular in endeavouring to illuſtrate the 
phenomena of viſion in ſpherical ſpeculums, not only becauſe ſeveral 
of theſe phenomena are curious and entertaining, but becauſe they alſo 
greatly illuſtrate and confirm the theory of viſion in general. In the 
concave ſpeculum, we have a quick tranſition, by a ſmall motion of 
the object, through all the caſes that can happen, as to the different 
degrees of the divergencies and convergencies of the rays at their en- 
trance into. the eye: And the ſeveral phenomena do all concur. to prove, 
that our viſible Ideas are always conformable to certain general laws, 
notwithſtanding any prejudices we may have in oppoſition to them; 
ſo far are we from being left to the uncertain guidance of mere fancy, 
The opportunity we have of viewing the images here with both eyes, 
is an advantage we ſeldom have when we look through lenſes ; and ſo 
the phenomena are generally more ſtriking, conſtant and regular in the 
former, than they are in the parallel caſes in the latter. Before we 


diſmiſs this ſubject, it will not be amiſs to ſubjoin the following ob- 


ſervations. | 
277. The image of an object PR, placed in the principal focus of a 


concave ſpeculum, will appear under the ſame viſual angle to an eye 


D, wherever in the axis the point D is taken. For, neglecting the 
aberrations, the viſual rays pD, 1D, will be always parallel to the re- 
ſpective axes OPB, ORC; and fo the Dr will be always =<-P OR 
ſubtended by the object from the center. But the apparent magnitude 
of the image will be greater or leſs, as it appears farther or nearer. 

Alſo, if the eye be placed at the principal focus F of the ſpeculum; 
the viſual angle ſubtended by the image of an object PQR, will be 
invariably the ſame, wherever in the axes the object be placed, For 
the rays PB, RC will be reflected to F, wherever in the indefinite lines 
BP,CR the points P,R be taken; and fo the viſual angle will be al- 
ways = BFC. In this caſe the image will appear always erect ; but 
its diſtinctneſs, apparent place and magnitude, will be variable, according 
to the different places of PQR. 


278. In all caſes, the object and its geometrical image, form each th? 
ſame angle at the vertex of the ſpeculum ; that is, the C PA RSI pAr. 


J At 
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At the points Q, 9, draw perpendiculars to the axis QO, till they 
meet the axes or lines P Op, K Or, produced if need be; and, to avoid 
having new references, let theſe points of interſections be called reſpec- 
tively P, p; R,. Now it will be, QO: gO*:: QP: 9p; but becauſe 4. VI. Euc, 
QF : AF (=OF)*:: OF: F; it will alſo be AQ(QF AF): OF ::* 94.1. 
A9 (AF q Fg) : Fg. But OF: Fq*:: Q: 20 and therefore «© [94]. I. 
QO: 4O:: AQ: Aq:: QP: gp. But becauſe the I PQA =p gA, Conſtr. 
the <QAP=*qAp. After the ſame manner is proved that the <QAR e6.VI.Zuc. 
Ar; and therefore the whole PAR =pAr. L, E. D. 


279. Corol. Hence the C p Ar is always increaſing, whilſt the object 
is approaching nearer towards the ſpeculum; and in a convex ſpecu- 
lum, the magnitude of the image is alſo increaſing, whilſt the object 
is advancing forwards, When the object is between a concave ſpecu- 
tum and its principal focus, the image is leaſt of all when the object is 
cloſe to the ſpeculum ; and the magnitude of the image continually 
increaſes, as the object advances towards the focus; after this, the in- 
verted image will conſtantly decreaſe, as it approaches nigher to that 
principal focus, or as the object retreats farther from that focus. But 
the apparent magnitude of the image, will not be always as its true 
magnitude ; becaufe the apparent diſtance is always finite, and fre- 
quently much leſs than the true diſtance, It may be obſerved farther, 
that the image in a convex ſpeculum is always between the ſpeculuin 
and its principal focus: But in a concave ſpeculum, the diſtance be- 
twixt it and its principal focus, is the only part of the axis, produced 
both ways to infinity, that the image is excluded from. 


280. In all caſes, if the eye be in or near the principal axis, and the 
breadth of the pupil be neglected, the viſual angle of the apparent 
image, is equal to that angle which the real image ſubtends at the 
center of the pupil. When the geometrical image is before the eye, 
it affects us then as if it was a real object, and any miſtake we may be 
under as to its true diſtance, cauſes no difference in the viſual angle, Fig. 49. 
When the image is behind the eye; ſuppoſe the point & or x to be 
the center of the pupil; then is the viſual angle 45A or Bx, formed 
by the rays reflected towards p and 7, equal to the -pbr or pær. 
But in this caſe, if the breadth of the pupil be conſidered, the above angle 
will be ſomewhat greater, and that becauſe the rays enter it converging. 
Thus, if 5c be the breadth of the pupil, the viſual angle of the whole 
image will be dog por, formed by the interſections of the rays dh, 
ge tending towards p, r. And ſince, when the image is behind the 
eye, the * apparent diſtance remains much the ſame, the apparent mag- 265. II. 
nitude will increaſe as the eye recedes from the ſpeculum towards g. 


281. 
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28 1. The limits of the diminiſhing powers of convex ſpeculums, 
and of the magnifying powers of concave ſpeculums, are reciprocally 
as their focal lengths. For it two equal objects PR, be placed each 
at the greateſt diſtances before two convex ſpeculums, or in the focus's 
of two concave ſpeculums; the image pr in the one caſe, will be di- 
rectly as OF; and in the other, it will be reciprocally as OF. This 
is manifeſt, becauſe OQ 1s ſuppoſed to be infinite in the one caſe, and 
O7 in the other; whence pr in the one caſe is as OF ; and pr in the 
other is as the - pOr, But yet theſe powers, as to their effects, are 
contained within bounds not very extenſive. 

An object ſeen in a convex ſpeculum, unleſs it be the ſun or moon, 
muſt be at a finite diſtance, and the more convex is the ſpeculum, the 
nearer the object mult be to it, to be ſufficiently diſtinct. If the di- 
ſtances of the objects from the focus's of two convex ſpeculums, be 
reſpectively as their focal lengths; the diſtances of the object and its 
image from the center of each, will be alto in the ſame proportion; 
that is, QF: OF :: OQ: Oq; and OQ: O:: QP: 9þ. And there- 
fore in this caſe, the diminiſhing powers of the two ſpeculums are equal. 

An object in a concave ſpeculum appears diſtincteſt, when it is at 
ſuch a diſtance from the focus, that the geometrical image is at a mo- 
derate diſtance off, not exceeding a foot or two from the ſpeculum ; 
and generally the more concave is the ſpeculum, the nearer the image, 
ceteris paribus, will appear to it. And if the apparent diſtances of 
the images ſeen in two ſpeculums, be reciprocally as their viſual angles; 
the apparent magnitudes of the images, will be as the objects. That 
is, if the objects before each ſpeculum be equal, their images will ap- 
pear alſo equal. h 


282. Hence it is, that one does not uſually perceive any great dif- 
ference in the bigneſs of his face, when ſeen in two ſpeculums of dit- 
ferent concavities. And the effects of concave ſpeculums in * magnity- 
ing a large object, as a face, are not ſo great as at firſt fight one might 
imagine. The image generally appears biggeſt when the ſpectator 1s 
near the principal focus, and then the viſual angle of the image is about 
double of what it would have been, if the ſpeculum had been plane, 
the ſpectator ſanding at equal diſtances from each ſpeculum: And ad- 
mitting the image appears three times the focal length of the ſpeculum 
beyond it ; the whole apparent breadth of the face, will be four times 
greater than in a common looking-glaſs. But the image ſeldom ap- 
pears ſo far, and therefore is ſeldom magnified ſo much, as four times 


in breadth. But the apparent magnitude of the whole face, being = 
tne 


Their effects in magnifying ſmall objects, will be conſidered in the next book. 


| 


1 
0 
* 


N 
Mi 


| 


10 
| 


did 
| 


fi 
5 


i, 
2 


I 
Lf 


Sgcr. III. OF OPTICS. 


the ſquare of that of its breadth, is the cauſe of our ſurprize ; the 


whole face being really magnified nine times, when it appears only three 
times broader than uſual. 


| PROP. XXL. 
283. To explain the phenomena of pictures ſeen in concave ſpeculums. 


Phenom. If a picture drawn according to the ſtrict rules of perſpec- 


tive, and wherein are repreſented objects having different real diſtances, 
be placed before a concave ſpeculum, a little nearer to it than its prin- 
cipal focus; the image of the picture will appear extremely natural, 
the whole ſcene appearing very like the real one from whence it was 
taken: For not only the objects are greatly magnified, ſo as to approach 


nearer to the natural ſize, but they have alſo different apparent diſtances; 


inſomuch that a view of the inſide of a church, appears very like a real 
church: And landſkip pictures, &c. appear very like as the real ob- 
jects would do, to a ſpectator at the place from whence the view was 


taken. Theſe curious and very entertaining phenomena, may, I think, 
be accounted for in the following manner. 
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In the annexed figure, the curve pr is the geometrical image of Fig. 36. 


the ſtrait object PQR; or it is that curve in which are contained the 
foci of all the pencils of light that diverged from PR, and whoſe axes 
paſs through the center O of the ſpeculum BAC, after their reflec- 
tion by that ſpeculum, Now the geometrical image of a circle facing 
the ſpeculum, and whoſe center is at Q, and diameter is PR; will 
be a hollow figure, formed by the rotation of the curve p qr round 
the axis Og, If this hollow figure be ſuppoſed a real thing, whoſe 
inſide ſurface is variouſly diſtinguiſhed into parts by different colours, 
and a picture of it be drawn in perſpective upon the circle PR, the 
point of ſight being at O: A ſpectator placed at O, would be affected 
much alike by the rays coming to him from the picture, after retlec- 
tion by the ſpeculum, as he would by rays coming to him directly from 
the hollow figure, the ſpeculum and the picture being removed; for 
the hollow figure, and the geometrical image of the picture upon the 
circle, are, in this caſe, both coincident. 

Again, the geometrical image of a rectangular parallelogram A B, 
fig. 57, placed where POR is fig. 56, will be alſo a hollow figure; 
but more like a pyramid with four ſides, than to the figure deſcribed 
by the rotation of the curve pgr. For the geometrical images of each 


of the ſides of the parallelogram, lye all in planes paſſing through the 


center of the ſpeculum, and theſe ſides reſpectively: Theſe images, it 
iS true, will be curvilineal ; but theſe curves lying in the planes above 


mentioned, 


| 
| 
: 0! 
N 
* 
1 
* 
8 
i; 
F 
l 


* "tt 

[ 

Fx 

f 
4 

| 


208 


+ „ 2 


= 


© x3 - 


NE ns. 


— ——_ — 


* w—"— „ 
yu * 


1 * — » « 


"ev 
* PP F 
* - 

CO 


S Sg 
— 


A TREATISE Book II. 


mentioned, the ſtrait lines joining their extreams, will be the ſides of 
a parallelogram, like unto the original. And in like manner, a leſſer pa- 
rallelogram ab within the former, will have the images of its ſides like 
thoſe of the former, but at a greater diſtance, And ſo likewiſe the 
ſides of the ſeveral parallelograms cd, ef, &c. will have their images 
in a ſeries one behind the other; the middlemoſt being fartheſt of all: 
So that the geometrical image of the whole figure, does ſomewhat re- 
ſemble the fru//um of a hollow pyramid with four ſides, and which 
becauſe of the greater apparent diſtance of the ſmaller or middle parts, 
appears nearly like a hollow priſm, a ſection whereof is pstr. 

Now if ps or ert be the length, and s? or pr the breadth of the in- 
fide of a church, a perſpective view of which from O, is drawn upon 
the plane PR; the geometrical image in this caſe will not be very un- 
like the church itſelf. For the picture upon the plane PR, is a figure 
properly conſiſting of ſeveral parallelograms, diminiſhing towards the 
middle, after the manner of thoſe above deſcribed ; and if the picture 
is not too large in proportion to the ſize of the ſpeculum, the curvi- 
ties above noted of the ſides of the ſeveral included parallelograms, 
will not be very conſiderable, and theſe are till leſſened in the appear- 
ance, by the viſible concurrence of the images of certain lines, inclining 
to one another in the picture. But as molt of the pencils of light en- 
tring the eye, diverge from points that are at great diſtances, their dit- 
ferent divergencics are not alone ſufficient for determining the true 
places of their foci: And the apparent image of a blank ſurface placed 
at PR, will not appear near ſo concave as the geometrical image. We 
muſt therefore have recourſe beſides to ſome other cauſes; and indeed 
we have here many concurring together. 

Ihe contiguous parts of the picture of the floor, for inſtance, eſpe- 
cially if it be checquered or otherwiſe diſtinguiſhed, form a long ſeries 


of viſible images contiguous likewiſe to one another: The images of 


the remoter parts appear alſo at the ſame time fainter, and ſmaller; 


they appear fainter, becauſe they are drawn ſo in the picture, wich 
faintneſs contributes much to enlarge the apparent diſtance ; and the 
appear ſmaller, becauſe the pictures of the remoter parts of the real 
floor, diminiſh faſter in proportion, than the apparent diſtances of the 
images of theſe pictures increaſe: So that from all theſe cauſes con- 
ſpiring together, the eye receives much the ſame impreſſion as if it 
looked at a real floor; and ſo in both caſes the appearance is much 
the ſame; a long extended ſurface, a little diminiſhed in breadth, and 
that graduallv, towards the farther end. In like manner, the walls 
appear erect and extended on each fide, and the roof above facing 


the pavement ; and all gradually inclining, after the ſame N as 4 
arge 
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large room appears' to the naked ſight when viewed from one end. 
Beſides the above helps, the window-lights in the ſides, the ſhades of 
upright objects thrown on the pavement, &c. in the picture, do alſo 
contribute their ſhare; and all theſe conſpiring together, do ſuffici- 
ently out-weigh the imperfections of the geometrical image of the 
whole: So that inſtead of a diſtorted picture, we fee in a manner a real 
church; the great magnitude of the whole, its viſible concavity, and 
proportionable lengths and diſtances of the parts, contributing very 
powerfully to excite in us that idea, 

In like manner, landſkip pictures, different views of buildings, &c. 
are alſo ſurprizingly improved by the concave ſpeculum ; moſt or all 
of the cauſes above aſſigned, conſpiring together to make the images 
appear natural, as in naked viſion, Theſe phenomena appear rather 
more perfect to both eyes, than to one alone; and the appearance will 
be the ſame, to one who does not know what the picture on the cloth 
or paper repreſents ; both which * ſhew that the ſaid phenomena are 


not founded upon mere prejudices, but upon the general laws of viſion 
in like caſes, 
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284. Thoſe pictures appear to the beſt advantage in a concave ſpe- The piftures 
culum, which ſtand moſtly in need of improvements; that is, thoſe 2 oy 
which repreſent objects having conſiderable differences of apparent di- — 
ſtances, from the point whence the view was taken: For the geome- n concave 
trical images of different parts of the picture, will be really at different sd. 
diſtances, Alſo moſt pictures in general that are drawn leſs than the | 
life, as landſkips and all ſorts of views of remote objects, are generally 
improved by the ſpeculum becauſe they are magnified. But portraits, 
and pictures of objects that lye nearly in a plane at right angles to the 


optic 


* I have known a young child, who had 
never ſeen any thing like what was repreſented, 
ew great marks of joy and ſurprize, upon look- 
ing at the image of a print in a concave ſpecu- 
lum. And if it old be ſaid with propriety 
that nature is any where improved upon, I think, 
this is the place: For, if the print or picture is 
inely done, the opportunity we have of viewing 
us image without extraneous light, intruding at 
lhe ſame time into the eye, is an advantage we 
cannot have when we look at remote objects, 
and has a very pleaſant effect. For the eye be- 
ing leſs tired, ſees the parts ſo much the diſtinc- 
ter, and examines them more at leiſure; and I 
do not know but that in ſome caſes, the image 
of a fine picture, wherein perſpective has been 


accurately kept, may convey as good an idea of 
the ſcene repreſented, as if we were carried 
to the very ſpot from whence the artiſt took 
his view. How-uſeful and entertaining are 
you? prints when thus improved ? And what 
ſtrong inſtances have we here, of the excel- 
lencies and defects of painting, both at the 
ſame time: How lively and natural 1s the image 
of a good picture drawn in perſpeCtive ; and 
how faint is the reſemblance, or how little there 
is of likeneſs, in the picture itſelf. But though 
pictures for this purpoſe, ſhoula be drawn ac- 
cording to the ſtrict rules of perſpective ; it does 
not follow from hence, that thoſe rules are to 
be cloſely kept in pictures that are to be viewed 
only by the naked fight, 
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optic axes, receive no great improvement by ſuch ſpeculums. The 
glaſs ſpeculums commonly ſold in the ſhops, are ſegments of ſpheres 
of proper ſizes enough for this purpoſe ;. but the pictures to be viewed 
in them, ſhould not be ſo broad as they are; and they generally appear 
beſt, when they are not much above half that breadth : For when the 
picture is pretty wide, the images of the extream parts generally ap- 
pear too near, and ſomewhat diſtorted ; which is perfectly agreeable to 
theory. And hence, a given picture generally appears beſt, the larger 
is the ſpeculum, or the longer is its focal length. The picture, as it 
ſtands in its place, ſhould alſo be flat; other wiſe it is manifeſt that its 
image cannot appear natural. Objects that are intended to ſtand up- 
right, as perſons talking, &c. ſhould not be drawn in a part of the 
picture that is intended to appear level, as in the midſt of the pavement 
of a church, &c. For in this caſe, as the geometrical image will be 
in a manner thrown flat upon the floor; ſo the apparent image, inſtead 
of being erect, will have an uncouth poſture, and generally be pro- 
trated into an unnatural length. To avoid theſe inconveniences, all 
erect figures or objects ſhould be placed near the ſides in the picture; 
and then the defects of the geometrical images are the eaſier overcome, 
by the other aids that are preſent. Theſe few hints may ſuffice as to 


this head. 
285. The picture ſhould be placed nigher to or farther from the prin- 


poſton of a cipal focus, according as the image ſhould appear more or leſs concave, 
picture before That is, if the objects repreſented, have conſiderable differences of ap- 


the ſpeculum. 


parent diſtances from the point of fight ; the image in the ſpeculum 
will appear moſt natural, when the picture is placed a * little within 
the principal focus, as in fig. 56. If the picture be moved much nearer 
to the ſpeculum, the apparent image will be flatter or leſs concave, and 
fmaller, which is exactly agreeable to theory. And fo, as the differ- 
ence of the apparent diſtances of the neareſt and remoteſt objects, 1s 
greater or leſs; by moving the picture nearer to or farther from the 
principal focus of the ſpeculum, we ſhall obtain that poſition wherein 
it will exhibit the moſt natural image. 

Again, the image is beſt, and appears beſt, when that point in the 
picture which repreſents the remoteſt part of the exhibited ſcene, is in 
or near the principal axis of the ſpeculum, and the eye is placed be- 


hind a hole made round the ſaid point. But as ſuch a hole would 
damage 


If the picture be placed in the focus or that before the picture has got half-way between 
without it, the image to a common eye, will the. focus and the center, the parts are generally 
not be ſo diſtin, and the indiſtinctneſs will in- loſt in confuſion, 
creaſe, as the picture is moved farther out ; ſo 


caſes that offer. 
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damage the picture; if the horizontal line is near the bottom of it, 
place the picture higher againſt the upper part of the ſpeculum, fo that 
the image may be ſeen underneath it. In this caſe, it the ſpeculum is 
vertical, the ground plane will appear aſcending ; the reaſon of which 


is manifeſt from an inſpection of fig. 56. To remedy this inconveni— 


ence, let the ſpeculum be inclined a little backwards, and alſo the pic- 
ture, but not quite ſo much; for the picture ought always to be nearly 
at right angles to the axis paſſing through the principal point in it, 


But after all, if the breadth and depth of the picture be reſpectively 


above - and - of the breadth of the ſpeculum, ſome part of the image, 


in moſt caſes, will appear unnatural : For inſtance, the geometrical 
image of the roof of a church, in a picture placed and viewed as above, 
will be ſhorter than that of the pavement; and ſo will alſo the apparent 
image. If the picture be placed lower, and the image viewed over it, 
the phenomena will be the reverſe, but not ſo natural as before. 

In all cafes, the horizontal line in the picture, ſhould have an hori- 
zontal ſituation ; and when the ſaid line is near the top, it will be beſt 


to place the picture againſt the lower part of the ſpeculum, and look 
over it; and ſo incline the ſpeculum and picture a little forwards, for 
the reaſons above given, Again, when the picture repreſents an oblique 
view, as of a long range of buildings, &c. it ſhould be then placed a 


little fideways, and a little obliquely, and alſo its image viewed on that 
fide next the middle of the ſpeculum. From theſe hints, it will be eaſy 
by trials to find the propereſt poſitions of the pictures, in the ſeveral 
And it is alſo to be obſerved, that the picture ſhould 
be no more enlightened, than what is juſt neceſſary : For the faintneſs 
of the image, contributes alſo its ſhare, to enlarge its apparent diſtance, 


286. A proper apparatus for ſupporting the ſpeculum, and the pictures, 
in their due poſition, will be very advantageous ; as the image will re- 


to the ſpectator: This may be effected by two different methods; both 
which I ſhall deſcribe, regarding at the ſame time, as much as may be, 
the principles explained in the preceding. 
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A box for 
holding the 

a : ſpeculum 
main ſteady, and may be viewed at leiſure without trouble or fatigue the pictures, 


In the annexed figure DEGHIK LM, repreſents a vertical ſection Fig. 38. 


of a box through the middle, the fore part of which ML is open. The 
glaſs * ſpeculum BAC, whoſe principal axis is AF, and focus F, is re- 
preſented with its wooden frame, and placed in the narrow chamber 
GHIK fitted for it; the top part of the ſpace HK is left open for 
admitting the ſpeculum in and out, and is ſhut cloſe occaſionally by the 

E e 2 narrow 


* Speculums for this purpoſe are commonly berſome and expenſive. One that I have is 2 
made of glaſs, as metal ones would be very cum- ſegment of about 26+ degrees. 


and 
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narrow board HG. The board GK has a round hole @ þ cut in the 
middle of it, of the bigneſs of the ſpeculum: This board ſerves to 
ſtrengthen the box, otherwiſe the ſpeculum might have been confined 
by narrow flips of boards. For ſupporting the prints or pictures ; on 
each ſide of the box is a dove-tail ſlider, carrying each a wooden bar, 
as 75, which turn ſtifly upon a pin ? going through each of the ſaid 
ſliders. If the prints are ſtuck on paſteboards, a flit in each of the 
above bars will be ſufficient to hold them, But as this method of ſtif- 
tening the prints is inconvenient; a thin board whoſe width does not 
exceed halt that of the ſpeculum, and whoſe ends ſlide in grooves made 
in the bars , will anſwer better. The board ſhould ſlide ſo ſtiff as 
to ſtand at any height, and this will be eaſily effected by a ſpring fixed 
at each end of it. The grooves ſhould be alſo deep enough to hold the 
board a little ſlanting; that is, when one of the bars 7s, is a little 
forwarder than the other. The board may remain fixed while the 
prints are ſhifted ; and the prints may be kept flat to it by a narrow 
frame turning upon hinges, or by ſliding ledges binding their ends, &c. 
The front ML is cloſed by a pair of folding doors, having at their 
edges about the middle a deep notch, making a tranſverſe ſlit or open- 
ing long and deep enough, for looking into the box with both eyes at 
once. This lit is cloſed occaſionally by a ſliding board; and which, 
by means of the grooves on each door, ſerves to faſten them together. 
In the top ED is a ſquare hole, which is ſhut occaſionally by the looſe 
board ed. The pictures are enlightened through the ſlit or F opening 
GE, which extends the whole width of the box, and may be made 
wider or narrower by two ſliders drawing to each fide, and with which 
the ſlit may be ſhut quite cloſe. The prints may be put in and taken 
out, either through the front ML, or the top ED, or through the {lit 
GE, or through a flit made for the purpoſe in one of the ſides of the 
box. If the print or picture has the point of ſight near the bottom of 
it, as is commonly the caſe, place it oppoſite to the upper half of the 
ſpeculum ; then I incline the box backwards, till the image appears 
vertical, which may be eafily done by placing a book under the front 
L, giving the bottom an inclination, as Ii: This being done move the 
ſliders to or fro, and if needful incline the bars 7 s, till the image ap- 


pears to the beſt advantage. If the print requires to be placed at __ 
the 


+ This opening may be cloſed with thin can- three times as wide, the proper inclination may 
vas ; but this is needleſs unleſs it be for conceal- be given the ſpeculum without tilting the box. 
ing the print within, as it is eaſy to proportion But this would be attended with more trouble, 
the degree of light upon the print by a different beſides enlarging the box, and alſo anger 
Poſition of the box with reſpect to the window. the ſpeculum, from its unneceſſarily having much 

+ If the chamber HGIK be made about room to play in, 
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the box muſt be inclined the contrary way, fo that its bottom may have 
the poſition L.. 

The box above deſcribed is defignedly contrived with a view to other 
optical purpoſes, as will be ſeen in the next ſection; and I think it 
ſerves each of theſe purpoſes as conveniently, as if it was deſigned for 
one only. But by the above method it is troubleſome to ſhift the prints, 
and to keep them flat; and alſo the image is inverted as to right and 
left. Both theſe inconveniencies might at once be remedied, by a plane 
ſpeculum ſo placed as to reflect the rays diverging upon it from a print 
placed at the bottom of the box, upon the concave ſpeculum ; and fo 
as to be reflected from thence again to the eye. But in this caſe ſome 
part of the image will be much diſtorted, as the rays come to the con- 
cave ſpeculum very obliquely: This may in a great meaſure be reme- 
died in the following manner. 


287, The out-lines, in the annexed figure, repreſent a vertical ſec- 
tion of the * ſame box, but at right angles to the former; that is, this 
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Another me- 
thod of pla- 
eing the ipe- 


ſection is parallel to the front ML in fig. 58. The concave ſpeculum culum and the, 
BAC is placed near the top of the box, where it is ſupported with its Pre. 
face downwards, by the ledges g, H. The ſpeculum is placed a little Fig. 39. 


inclining, that the rays coming to it from a picture at a 5, may be the 
better reflected towards O; the principal axis being AF, and focus F. 
The ſpeculum is alſo placed higher than is neceſſary for a ſingle print, 
for the ſake of receiving a book; the print when furtheſt from it, 
being at about ab. rs is a plane ſpeculum; and ac, or, O; bd, 
4s, 5 O, are the principal rays in the pencils diverging from the points 
a, l, that come to the eye at O, after their reflection, by both ſpecu- 
lums. The ſpeculum 7 s need not be above 2 inches long, and 1+ inch 
wide; and its frame or a little board for holding it, may turn upon a 
ſtiff hinge, one fide of which may flip into a groove in the fide of the 
box; and the proper inclination of 7 s is ſoon found by trial: The 
hole at O may be about 3 inches wide, and 1 inch deep. The prints 
are here enlightened through the front M of the box, part of which 
is ſufficient for the purpoſe, or the whole might be ſcreened with thin 
canvas, 

The ledges g, h, may have a vertical motion, which will ſerve both 
for giving the due inclination to the ſpeculum, and for adjuſting the 
diſtance betwixt it and the print at bottom; Or, the print may be raiſed 

to 


* The top part of the box is now uſeleſs; ſerves for both the above methods, but alſo for 
and it might be reduced ſtill ſmaller by cutting the other optical purpoſes; it ſeemed needleſs to 
Concave ſpeculum into a parallelogramic form. alter it. 

But as the box in the ſhape it is now in, not only 
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to the proper height by placing one or more books under it, the ſpeculum 
remaining fixed. The plane ſpeculum might be placed near the oppoſite 
fide of the box to O ; in that caſe, the picture muſt be placed near the 
fide O; the plane ſpeculum muſt be wider, and the fpeculum BAC 
muſt have a contrary inclination : But I think the other method is pre. 
ferable. If the ſpeculum BAC be more inclined, the print @ 6 may 
be brought nearer to the middle of the box ; and the contrary. 

Both the methods above deſcribed of placing the ſpeculum and the 
prints, may be uſed very readily in the fame box; but I think the laſt 
method of placing the prints at the bottom, is upon the whole the 
moſt convenient. Thoſe who are fond of ſurprizing unſkilful ſpecta- 


tors, might, by either method eaſily conceal the whole contrivance, and 
ſhift the pictures unoblerved F, - EY 


P-R O P. Al. 
To find the focal length of a ſpherical ſpeculum, by experiment. 


There are different methods of ſolving this propoſition, which are 


as followeth. 


288, Let O be the center, OA the principal axis, and F the prin- 


cipal focus of the ſpeculum BAC. 


If the ſpeculum is concave, lay 


the edge of a {trait ruler BUC over the middle of the ſpeculum, and 
meaſure exactly the length of the chord BC, and of the verſed ine 
Av: But if the ſpeculum is convex, the ruler muſt be laid as at 46, 
ſo that the diſtances @B, 5 C, betwixt its edge and the verge of the ſpe- 
culum, are equal, And in both caſes, it will be; 

vA ( Ba or C): vB(=vCorzab):: vB: vVvO+AO; to 
which adding vA, the fourth part of that ſum will be = AF the focal 


® Dr. Grave ſande deſcribes a box for conceal- 
ing a concave ſpeculum, in order to ſurprize a 
ſpectator ſtanding at a proper diſtance, and look- 
ng through a large hole in the front of it, by 
exhibiting his inverted image ſuſpended near that 
hole. Our box will alſo ſerve for the fame pur- 
poſe. But the doctor takes no notice of the 
phenomena of pictures ſeen in ſuch ſpeculums ; 
nor have I met with any account of theſe phe- 
nomena any where, which made me the more 
particular in endeavouring to explain them. By 
the beſt information I could procure, the pheno- 
mena above-mentioned were not obſerved here 
till about the year 1730; and it might be about 
6 or 7 years later before they were commonly 
known. Mr. Felix CLAx at Alagate, I am 


length 


informed was the firſt here who m de a box for 
the above purpoſe, the hint of which, he told 
me, he took from a ſmall kind of ſhow-box or 
toy brought from Ho//and ; and this was in the 
year 1741. Soon after theſe things became 
known to the printſellers, and boxes were copied 
from Mr. C/ay's; theſe were different, tho' upon 
the ſame principles from that above deſcribed. 
Mr. Clay I believe was alſo the firſt who placed 
the ſpeculum at top, as in fig. 59. But theſe 
boxes were not calculated for ſerving any other 
purpoſe than that one ; and large ſpeculums be- 
mg expenſive, theſe ſhew-boxes have of late been 
laid aſide; to give room for another ſort with 
a convex lens, which ſhall be deſcribed in the 
next ſection, 
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length required. But this method will not admit of great exactneſs, 
0 becauſe a ſmall error in the length of Av, will produce a great one 
© nAF. 
b 289. Place the ſpeculum ſo that its principal axis may point very By expoſing 
Xl near towards the center of the ſun, or towards the moon when it ſhines 1 
y bright : If the ſpeculum is concave, find the burning point, or receive 
the image upon a white piece of paper; in either caſe, the diſtance 
1e between the focus ſo found, and the vertex of the ſpeculum is the focal 
ſt length required. Or, cover the ſpeculum with a ſheet of opaque paper, 
he in which make two or more holes, as A, D; and by obſerving where 
a- the beams of light reflected from theſe holes unite, the focus may be 
nd found rather more accurately, than when the whole ſpeculum is ex- 
oſed. 
F If the ſpeculum is convex, it muſt be either covered, as above, leav- 
ing two holes as A, D; or leaving the ſpeculum naked, ſtick on it two 
round opaque patches, A, D; then holding a white paper as GH per- 
pendicular to the principal axis of the ſpeculum, obſerve where the 
8 thades of the patches A, D fall upon it, as at G, H; meaſure exactly 


the diſtance AG, and the diſtances betwixt the centers of the ſhades 
G, H, and betwixt the centers of the patches A, D; and it will be, 
GH—AD (=eH): AD:: AG (= De): AF. For De is here 
parallel to FAG, and GH to DA, and fo the A* De H, FAD are ſi- 
milar. In this caſe, it would be beſt to deſcribe circles at G, H betore- 
hand, whoſe diameters and diſtance betwixt their centers, ſhall be in 
ſome given ratio to the diameters and diſtance betwixt the centers of 
A, D: Suppoſe this ratio to be as 2 to 1, then AG= AF ; if it be 
as 3 to 1; AG will =2AF; for FG: FA: GH: AD. 

The focus of a concave ſpeculum may be found with rather more 
eaſe and exactneſs, by the following method: Becauſe here it will be 
troubleſome to hold the ſpeculum in its due poſition, unleſs it be fur- 
niſhed with an apparatus for the purpoſe ; and the burning focus, or 
place of the diſtinct image of the ſun or moon, admits of ſome latitude. 


290. At the end of a long table, place the ſpeculum in a vertical Focus 5 
poſition, or ſo that its principal axis AO Q may be nearly parallel to lum fodad 
the table; then place a candle towards the other end of the table, fo by the image 
that its flame Qmay be oppoſite to the vertex of the ſpeculum. This F: 5 9 
being done, take a clean pi f white paper, and having fixed it at“ 8 

) plece Of W paper, 5 i 
the end of a ſtick, place this ſtick in the ſocket of another candleſtick, 
ſo that the paper may be ſupported at about the ſame height with the 
candle; then move the paper or the candle to and fro, till the image 7 
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1 finding the fo- F f a 
1 cal * of a alſo its center O, which may be done near enough by moving a candle 
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of the candle appears moſt diſtinct upon the paper: If the candle and 
the paper are not nearly in the principal axis AQ, they muſt be moved 
a little, as occaſion requires. And having meaſured exactly the di- 
ſtances Ag, AQ; becaule, 


AQ: Ag:: OQ: Og(:: *OF : Fg) :: QE: OF; it will be, 
AQ-+ Ag: Ag:: Q4(QO-+0O): Og:: AQ(QF-+OF): AF SOF. 
And ſo either 0 or AF gives the focus required. The ſame may be 


found without calculation, by moving the candle till its image hangs 
over it; or by obſerving where the end of a ſtick and its image touch 
one another; in both caſes, the point of coincidence is the center of 
the ſpeculum. 

The focal length of a convex ſpeculum may be alſo found by the 
light of a candle, thus : The ſpeculum, candle and paper being placed 
upright, as in the preceding ; let the ſpeculum be covered with paper, 
having in it two round holes A, d; and let the candle and one of the 
upright fides of the paper, be nearly in the principal axis AQ, the 
candle being placed hindmoſt, ſo that none of its direct light falls on that 
fide of the paper which faces the ſpeculum. Then having found the 

laces of the white circles g, H, upon the paper, and having meaſured 
the diſtances Ad, Ag, gh; the point of interſection , of the lines g A, 
d produced, may be found as in the preceding; and calling the flame 
of the candle Q, it will be in this caſe; AQ—Ag: Ag:: Q4: Og. 


291. If the greateſt nicety be required: The ſpeculum being placed 


in a vertical poſition, as in the preceding, find its principal axis, and 


till its image coincides with it. Before a convex lens @ of about one 
or two inches focal length, and to a proper frame for ſupporting it, fix 
a thin opaque plate & with its edge upright, and a little fide- ways of 
the axis of the lens, and alſo at ſuch a diſtance that the ſaid edge ap- 
pears diſtin& through the lens. The edge of the plate being placed 
near to the center O, and the axis of the lens nearly in the principal 
axis of the ſpeculum ; move the lens a little to or fro along this axis, 
till the edge of the plate and its image from the ſpeculum, are both ſeen 
diſtinctly through the lens, at the ſame time, and alſo very near to one 
another. Now the diſtance betwixt the ſaid edge and the vertex of the 
ſpeculum, 1s exactly twice the focal length required. Note, during 
this experiment, the ſpeculum muſt be in the dark ; that is, it muſt 
be either ſcreened in a corner of the room by a tube or otherwiſe ; or 


day- light muſt be excluded from the room altogether, In this laſt a 
I the 
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the plate muſt be illuminated by a candle placed a little ſide-ways be- 
fore it, with a ſcreen to prevent its light falling directly upon the ſpe- 
culum. | 

The plate above might be perforated near the edge into ſeveral holes 
of different ſizes; ſo that the holes and their images might be ſeen at 
the ſame time: Or the objects might be ſmall wiers fixed to the frame 
of the lens, 
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292. Scho. 1, A ſpeculum free from ſpecks, fiſſures, &c. is cæteris Goodneſs of 


paribus preferable to another not free from theſe blemiſhes: The good- 


peculums, 
how to be 


neſs of the poliſh may be eſtimated from the luſtre of the ſpeculum, examined. 


but with more certainty from the brightneſs of the images. But the 
principal thing to be ſought after is the goodneſs of the figure; and 
this may be judged of in the general, by the likeneſs of the images. 
But the laſt preceding method for finding the center of a ſpeculum, 
affords alſo a pretty critical one for examining its figure; and that 
by obſerving the degree of diſtinctneſs of the ſmall holes in the thin 
opaque plate, with the ruggedneſſes, and duſts, &c. ſticking to them, 
compared with theſe objects ſeen directly through the lens; both 
being ſo brought as to be ſeen at about the ſame diſtance from the 
middle of the lens. Let a ſmall round hole in the thin plate be placed 
near the center of the ſpeculum, and place the candle in the axis behind 
it: If the ſection of the rays received upon a white paper, placed a 
little before or behind their focus, does not appear circular, but oval, 
ſquariſh, Sc. it is a ſign that the ſpeculum has not the ſame curvature 
throughout its ſurface, It the light received upon the paper, when 
placed before the focus, is brighter towards the circumference, and 
darker about the middle, than when the paper is placed at the ſame 
diſtance beyond the focus; it is a ſign that the ſpeculum is flatter about 
the middle, than towards the circumference : And if the phenomena 
be the contrary, the ſpeculum is flatteſt towards the circumference, 
Inſtead of receiving the rays upon the paper, an eye-glaſs might be 
uſed, moving it a little to and fro along the axis, the perforated plate 
and the candle remaining fixed *, By ſuch trials as theſe, which may 
be alſo a little varied, a perion who has had experience will be able 
to judge pretty nearly what figure the ſpe-ulum is of: And it will be 
a farther help, if trials be made by different zones of the ſpeculum, 
the reſt of it being covered, If the ſpeculum is for a teleſcope, it muſt 

be 


* Fobn Hadley, Eſq; who by his ſuperior fill is the author of the above method of examin- 
and unwearicd pains was the firſt who brought ing the figure of a concave ſpeculum. 
reflecting telefcopes to any degree of perfecuon, 


F £ 


218 


Fig. 45. 
51. 
290. II. 


1 


Fg. 62. 


12. 


* 126; J. 


to than 6, if the ſpeculum is convex. Make &: a:: AF: FQ and the 3 
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be farther examined by the effect, when joined with its proper appur- 
tenances. 


293. Schol. 2. If it be required to find a point in the axis of the ſpe- 
culum, at which an object being placed, its diameter ſhall be to that 
of its image in any given ratio, as that of à to 5; a being always greater 


point Q will be that ſought. 
For FQ: AF:: Od: Oq::*a: 3. Therefore, c. E. D. 


294. Scbol. 3. Both convex and concave glaſs ſpeculums, quick-ſil- 
vered on one ſide, will have double images, as has been ſhewed of plane 
looking-glaſſes; and the places of each of theſe images may be found 
by ſome of the rules in the preceding book. But as theſe glaſſes are 
uſually ſo thin, that theſe double images are ſcarce ever perceived, it 
would be needleſs to exemplify the manner of finding their places here. 
However, without regarding the reflection by the firſt ſurface, it will 
not be amiſs to conclude this ſection, with ſome obſervations concern- 
ing the effects of glaſs lenſes, when uſed as quick- ſilvered ſpeculums. 

Let the plano-convex lens AB be quick-filvered on the plane fide, 
and parallel rays will have a focus Q before the lens. Let O be the cen- 
ter of the ſpherical fide AB: Now a ray DB parallel to the axis will 
be refracted towards 7, ſo that AO: A:: n -: mn; and at & the ray 
will be reflected towards 9, ſo that a 9 2 4 f. Again, at c the ray will 
be refracted at its emerſion out of the glaſs towards Q, ſo that fg: Of:: i 
*Ag: AQ. If the thickneſs of the glaſs lens be neglected, its focal 
length in this caſe as a ſpeculum, will be to its focal length as a lens, 
as 1 to 2. But becauſe of the thickneſs a A, the focal length AQ as a 
ſpeculum, will be ſhorter and aQ longer than in the above proportion. 

It is manifeſt, that if the convex fide of the lens be quick-filvered, 
it will have a real focus, and nearer to it than the former. Allo i 
all double convex lenſes, quick-filvered on either fide, will have a focus 
before them: And if the radii of the ſides are equal, the focal length 
in that caſe will be = + the focal length of the lens, nearly +. I 

A plano concave lens will have its focus behind it, which ever fide is 
quick-ſilvered ; and conſequently ſo will likewite all double concaves, and 
concavo-meniſcus's, when the concave fide is quick- ſilvered. A concave 
meniſcus, the radii of whoſe ſides are as m— 1 to m, when the rays are 
incident upon the concave ſide, has no focus: This is? manifeſt, be- | 
cauſe an incident ray parallel to the axis, will be refracted perpendi- 

cularly | 

+ Suppoſing the glaſs lens, fig. 62. to have of the ray reflected at & will be =3 AQ (by $ 
the ſide ab of equal cofhvexity with AB, and the rule 94.1 ;) and the focus of the emergent } 


1. cplectivg the thickneſs, the center of this ſide ray will be = AQ, by 144 J. 
will be in Q; then the focal diſtance from A 
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cularly to the reflecting fide. And when the faid proportion of the . 
radii of the ſides is nearer to an equality, or more unequal, the lens | 
will accordingly have either a focus on the concave or convex fide. 

But becauſe of the great aberrations by the reflections and double 
refractions, lenſes are very unfit for ſpeculums, unleſs it be for illu- 
minating objects, for which purpoſes thoſe that have their focus's be- 
fore them, may anſwer indifferently well. 


S858 UT 10UN IV, 


Of viſion through given mediums: of pictures 
ſeen through convex lenſes; and a deſcription 
of different ſorts of camera-obſcura's. 


$. I. Of viſton through mediums, terminated by plane ſides ; 
and ſome farther obſervations relating to the refraction of 


light, 
PROF. XXII. 


29 5. An object ſeen through a medium, terminated by plane and pa- 
rallel fides, appears pretty nearly in the ſame plane, and of the ſame mag- 
nitude, and exactly of the ſame figure, as it would do to the naked eye in 
the ſame poſition, the medium being removed. 


For the geometrical image pq 7, is * erect, equal, and parallel to the Fig. 63. 
object PQR ; and the rays here undergoing but ſmall refractions, the 79. J. 
proper foci of the pencils of light that enter the eye will be very nearly 
in p27. The image alſo is very near to the object; for the diſtance 
Qq between them is to the thickneſs of the medium, only in the ratio 
of n - to . And although the pencils of light CO, DO, at their 
entrance into the eye diverge, as if they came from the focus's p, y, and 
conſequently form a greater angle than it they proceeded directly from 
P, R; yet if the image appears in its true place, it will appear * equal * 195. II. 
to the object. Therefore, Cc. Q. E. D. 

296. Schol. 1. We ſeldom ſce objects through mediums that are very 
thick: The thickneſs, for inſtance, of a coach- glaſs in the caſe before 
us, being very inconſiderable. But an object, by being rendered more 
obſcure by the medium, may appear © farther than otherwiſe it would; 188. II. 

8 and 


220 A TREASMTISE Book II. 


* 198. II. and in that caſe it will alſo appear“ larger: So that the phenomena of 
viſion through ſuch mediums vary, as the circumſtances are different. 
It may be farther obſerved, that the nearer the object and the eye are to 
the medium, the greater, cæteris paribus, will be the effect; becauſe 
the diſtance Q q, between the object and its image, is invariable. 


— 


jects in a denſe 


aer ang ſurface is plane, appear erect, and nearer to that ſurface than their true 


place; but in moſt caſes, they appear ſomewhat diſtorted, We have 
frequent opportunities of obſerving theſe phenomena, by looking into 
ſmooth and clear water ; and the very near agreement of the pheno- 
62. to mena with the theories of the images in the preſent caſe, is another 
56. J. notable proof of the great uſe we make of the different conformations 
of our eyes, and the inclinations of their axes, according to the diffe- 
rent places from whence the rays diverge, in our eſtimations of the ſaid 
places, where thoſe places are not very remote. For what elſe have we 
here to direct us? The greater obſcurity of the objects, and our knowing 
perhaps from experience that the water is deeper than it appears, are 
cauſes that here tend to deceive us; and yet we find that they have little 
or no effect. The phenomena are alſo the ſame to perſons who have no 

{kill in optics. 


—— —— ———— — — 


X 4's ,-» 1 
—————— ̃ ͤ —— , nm /? 


Nr 


298. To explain the phenomena of viſion through a medium, whoſe re- 
fracting ſides are planes inclined to one another. 


Phenom. An object ſeen through ſuch a medium, appears in a new 
direction, and generally in a different poſition, ſomewhat indiſtin&, di- 
ſtorted, and coloured; and the greater is the refracting angle of the me- 
dium, the greater will be theſe alterations. 
Fig. 64. Let PQ be a rectilinear object, ſeen by the eye at O, through the tri- 
n angular priſm RST. Now the geometrical image of the object is pg ; 
but becauſe of the great obliquities of the rays to the refracting ſides of 
the priſm, the apparent image will not be 9; and here, in order to 
define the apparent image, it will be neceſſary to find the proper foci of 


refractions at each fide of the pritm ; thoſe rays being ſuppoſed homo- 
ceneal, and their fines of incidence and refraction as the numbers 3, 2. 
Thus g, /, are the proper foci of the rays cd, ef; and m, u, the proper 
focus's of the rays 4O, f O ; and ſo upon the above ſuppoſition, the point 


, where the rays d m, f n interſect, would be the place of the viſible 
image 


Viſion of ob. 297, Schol. 2. Objects placed in a denſe medium, whoſe refraQting 


the extream rays, at leaſt, in each pencil. The dotted lines repreſent 
See 37. I. the * method of finding the proper foci of the rays Q c, Qe, after their 
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image of the point Q. In like manner was alſo found the point a, the 
lace of the viſible image of P. But as the pencils of light conſiſt of 
ba rays, which impinge the ſides of the priſm very obli- 
quely ; they will be here ſeparated, eſpecially at their emerſion out of 
it, into their different kinds: The image will therefore neceſſarily ap- 
pear * coloured; it will be indiſtinct, becauſe the rays in the ſeveral pen- » 283. I, 
cils have different foci, as they differ in refrangibility, and have different 
inclinations to the refracting ſurfaces. The rays entering the eye being 
roduced backwards, will form a kind of a compound image, which 
will be diſſimiliar to the object, and which may alſo appear in a different 
place and poſition from a4; and becauſe of the ind iſtinctneſs, the ap- 
parent place and poſition may be different at different times of looking, 


the eye, priſm, and the object retaining their former places and poſi- 
tions. Therefore, Cc. 2. E. D. 


priſms BFK, CH K, DGH, EKH, and the light proceeding from a ſmall Fig. 65. 
object Q. be tranſmitted through each of the ſaid priſms to the eye, as 

at O; an image will be ſeen through each priſm, and ſo there will be 

as many viſible images in the whole, as there are priſms, together with 

one more ſeen through the ſides A, HK, if theſe are parallel. And 

hence a glaſs having plane ſides cut in this manner, is called a MULTI“ 
PLYING-GLASS. 

The image à ſeen through the parallel ſides A, HK, will be diſtinct, 
equal, and fimilar to the object Q, and alſo pretty near it, the diſtance 
betwixt their centers being = + thickneſs of the glafs AHK. The 
images ſeen through the common fide HK, and each of the ſides B, C, 
D, E, will be reſpectively 5, c, d, e. And theſe will be all of them ſome— 
what indiſtin&, diſtorted and coloured; and the more ſo, the more re- 
mote they are from the middle image a, becauſe the priſms through 
which they are ſeen have larger refracting angles. 

The diſtance OQ being given, the greater is OA, the leſs will be the 
angles QO, Oc, Cc. but the more indiſtinct and coloured will be the 
extream images ; theſe images appearing beſt, when the incident and 
emergent rays form equal angles with the reſpective refracting fides : 
And that will happen, if the flat fide be towards O, when the glaſs is 
much nearer to O than to Q When OA is given, the greater is AQ, 
the greater alſo will be the angles QO5, QO c, &c. and the more re- 
mote from the middle of the glaſs, will be the incidences of the pencils 
coming to the eye. And hence the diſtance OQ being given, the di— 
ſtance OA, at which an object may be ſeen through each ſide of a given 

glass 


2 
PR 


222 


KA r AT E838 Book II. 


glaſs, is limited; that is, OA muſt not exceed a certain given diſtance, 


or be leſs than another aſſigned diſtance. If the glaſs be turned round 
the perpendicular line QO to the ſides A, HK; the image a will appear 
immoveable, whilſt all the reſt ſeem to turn round with the glaſs. 


LEMM A, 


300. If a ray of light be tranſmitted through ſeveral contiguous me- 
diums terminated by parallel planes, out of a given medium into the 
ſame again, as out of air, through water and glaſs, into air again ; the 
emergent ray will be always parallel to the incident ray. The truth of 
this * is manifeſted by experiments, and the reaſon of it may be illu— 
ſtrated as followeth : 

Let AB be an incident ray, W, G two mediums of different denſi- 
ties, as water and glaſs, and terminated by the parallel planes BP, KO, 
LF; and let the ray be retracted at B into Bb, at & into bf, and at / 
into / D: I fay, /D is parallel to AB. Draw the perpendicular Bu to 
the refracting ſurfaces; and having from the center B, with the radius 
Bb, deſcribed the arch n d, produce AB till it interſects this arch in d, 
and through the point d draw dm perpendicular to By. Now md is 
the ſine of incidence, and 0 6 the fine of refraction of the ray AB into 
the medium W. Let g a be the line of refraction from air immediately 
into the medium G, the ſine of incidence being m d; through the point 
a, draw the line Bae, and Bae would have been the refracted ray, if 
the refractive power of the medium W had been equal to that of G; that 
is, if the incident ray IK be parallel to AB, Be will be parallel to the 
refracted ray KL. 

Now it is reaſonable to ſuppoſe, and it ſeems very evident, that the 
refraction between the mediums W, G, muſt be equivalent to the excels 
of the refraction of G above that of W, when rays come with a like ob- 
liquity out of the ſame medium into each; that is, the ſines of incidence 
and refraftion out of W into G, are as wb to ga. And upon this ſup- 

poſition, the refracted ray bf, will be parallel to Be. Draw bz per- 
pendicular to the refracting ſurfaces, and from the center þ with the ra- 
dius bf, deſcribe the arch 175; produce Bb till it interſects this arch 
in Y, and draw Y parallel to of, Now becauſe wb:ga::*tb:of 
and the - 0b bh =* £4 wBb, the (C is = wBe; therefore bf 1s 
parallel to Be; but Be is parallel to KL, and conſequently / D is pa- 
rallel to LM ; but LM is* parallel to IK, and IK is“ parallel to AB, 
and ſo 7 D ® is parallel to AB. Q. E. J. 
n 


* Scc Newton's Lett. Optic, par. I. ſect. 2. No. 35. 
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In like manner, a ray EF immerging firſt into the denſer medium G, 
will emerge at x out of W, in the line x H parallel to EF. Produce 
EF to 7; and let the fines of incidence and refraction from air to glaſs, 
and from air to water, be reſpectively as the perpendiculars or fines 7, 
„ 5. Now Fr is the refracted ray; and it would have been F s y, if the 
refraction of G had been equal to that of W. At / the ray is refracted 
from Fr v into rx; and for the ſame reaſon that bf is parallel to Be, 
rx is alſo parallel to Fy, and x H is parallel to EF. Q., E. D. If EF 
be parallel to D/ and to ON; Fr will be parallel to f 5, and rx will be 
parallel to 5 B and to OP. | 


301. Corol. Hence, if a ray paſſes through ever ſo many refracting 
mediums terminated by parallel planes, it will have the ſame inclination 
to the ſurfaces of the laſt medium, as if it had ſuffered but one refraction 
in going immediately out of the firſt medium into the laſt, Thus / is 
parallel to Be and KL, and rx to Fy and OP And the caſe will be 
the ſame, though the number of different mediums be increaſed to in- 
finity, and the intervals of their parallel ſurfaces be as much diminiſhed ; 
ſo that the ray may be continually refracted into a curve line. 


NO. ATV; 
302. The proportion of the ſine of incidence to the fine of refraction of 


ene and the ſame ſort of rays out of one medium ints another, is, as the 
rectangle under the fines of incidence out of the firſt medium into a third 
medium, and out of that third medium into the ſecond ; to the rectangle 
under the fines of refraction out of the firſt medium into the third, and 
out of the third medium into the ſecond. 


Let as before, AB / D be the courſe of a ray from a third medium Fig. 66. 
through the two refracting mediums W, G into the ſame third medium 
again; and let SBA, Zb i, VVT, be perpendicular to the refracting 
ſurfaces at the points B, , f. Alſo, let the proportion of the ſine of 
incidence to the ſine of refraction out of the third medium, as air for 
inſtance, into the medium W, be as F to /, i. e. S. ABS (=wBd): 
S. C2 BSH:: F: /; and out of air into the medium G, as G to g, i. e. 
Sd. C T/ D: S. C VV: G: g; and let the fine of incidence to the 
fine of refraction out of the medium W into the medium G, be as x 

o 5, i. e. S. Z BZ: S. of :: ͤ :. I ay «„ 5 :: XG: Ex. 

Becauſe 8. ABS: S. C wBb::*F:f::FxG:fxG; and : Hyp. 

S. C WV: S. 4 TD ABS ::g:G::gxF:GxEF; it will be > 300. II. 

S. CYNY)B&G: S. CV (SO ):: x G: X F:: x: Y:: 0: ga. QE. D. 

7 Otherwiſe 


» 300 II. 
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Otherwiſe thus. Becauſe wb: d:: /: F; and 
md: ga:: G: g; therefore 
1 Sign:: FU: g:: . 

And thus the refractions between any two mediums, and a third me- 
dium being known, the re fractions between them both may be readily 
found. As if the ſine of incidence of any ray out of water into air, be 
to its ſine of refraction as 3 to 4; and the ſine of incidence of the ſame 
ray out of air into glaſs, be to its fine of refraftion as 17 to 11; the fine 
of incidence of that ray out of water into glaſs, will be as 3 x 17 to 
4X 11, or as 51 to 44: Or if the fines of incidence and refraction be- 
tween air and glaſs be as 3 and 2, the fines between water and glaſs will 
be as gand 8. For 3 * 3: 4Xx2::9:8. 

303. Schol, If a medium terminated by parallel planes, be conti- 
guous to another medium whoſe refracting ſides are inclined planes; and 
a ray of light be tranſmitted through both the mediums, and another ho- 
mogeneal ray whole incidence is parallel to the former, be tranſmitted 
through that medium only whoſe ſides are inclined; the two emergent 
rays will be parallel to one another, and inclined to the incident ray. 

Let W be the medium, whole refracting fides are parallel planes; 
and let the inclined ſides of the medium G be Kr, LR. Now if 
the incident homogeneal rays be AB, IK, parallel to one another; 
becauſe the rays bf, KL incident upon the plane fide LR“ are pa- 
rallel ; the emergent rays will be alſo © parallel, but inclined to LM, 
JD, becauſe LR is inclined to LF. If the emergent rays be con- 
ceived to flow back again, ſo as now to become the incident rays, 
7 they will proceed along the fame tract they did before, and ſo the 
emergent ravs BA, KI will be parallel. In both caſes, therefore 
Sc. N. E. D. 

It is almoſt needleſs to obſerve, that the caſe will be different if 
the three refracting ſides are all inclined to one another. Let the 

iſm RST be conceived to conſiſt of two mediums RSv, T Sv, of 
different denſities ; it is manifeſt that the emergent rays will be 1n- 
clined to thoſe in the figure, whether thoſe within are perpendicular 
to Sv, as cd; or are inclined to it either way, as ef, rs. 


F. 2. Of wiffon through lenſes; and of finding their fual 
lengths by experiments. 


The effects of concave and convex lenſes, are, in the general, ana- 
logous to thoſe of convex and concave ſpeculums reſpectively ; but 4 


ſpeculums and lenſes have ſome diſtin& properties, they deſerve to be 
explained apart, PROP 
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ject does to the naked eye. For in this caſe, the differences of the 
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304. An objeft ſeen through a concave lens, always appears erect, as 
it doth alſo thro" a canvex lens, if the geometrical image is not betwixt the 
lens and the eye : Tf the focal lengths of the lenſes are but ſmall ; the image 
through a concave lens appears diminiſhed, and nearer to the lens than the 
object ; and through the convex lens, it appears magnified ; and if the 


rays come to the eye diverging, the image ill appear farther than the 
objedt. 

That the image, in the above caſes, does neceſſarily appear erect, Fig. 67, 
is ſelf-evident: And as the eye can never come to the center A of the 68, 69. 
lens, but muſt be at ſome diſtance behind it, ſuppoſe at G; the ob- 
ject ſeen by the naked eye, and its image through the lens always form 
different angles, theſe angles being as PG R, to pGr or iGo. And 
conſequently, in the firſt caſe, the object appears diminiſhed, and in 
the ſecond magnified ; and when the focal length AF is but ſmall, and 
the object, as in fig. 68. is between F and the convex lens; the image 
through the concave lens appears nearer to it, and through the convex 


lens farther from it, than the object. The reaſons of all which phe- 
nomena are very manifeſt. Q. E. D. 


305. Schol. 1. When we look through lenſes having long focus's, An efimate 
the image appears pretty nearly at the ſame diſtance off, that the ob- © the propor- 


tion in Which 
1 objec appear 
divergencies of the refracted rays and of the unrefracted ones, are quite mgnifed or 


imperceptible ; and ſo, there being nothing here to direct us otherwiſe, | 5 0? 
we naturally look for the object thro' the lens, in the ſame place the naked 
eye ſaw it juſt before. Again, this deception as to the place of the image, 
is farther favoured by the difference of the viſual angles; the viſual 
angle being diminiſhed by the concave lens, and inlarged by the con- 
vex one, aſſiſt the imagination, in both caſes, to bring the image 
nearer to the object. In theſe cafes, the apparent magnitudes of the 
object to the naked eye, and through the lenles, are as the viſual angles 
PGR and pGr. Put in looking through lenſes having thort focuſes, 
if the geometrical image by the convex lens is erect, and at a mode- 
rate diſtance off, the true places of the images are perceived, at leaſt 
very nearly ; and then the apparent magnitudes of the object and its 
image, are nearly as their *-true magnitudes ; that is, as PR and pr.» 198,218, 
And I think it holds univerſally, as well as can be judged by experi- & 221.11. 
ments, and as has before been taken notice of, that The apparent mag- 
mtudes of objects and their images, are as the rectangles under their 
apparent dijtances and viſual angles reſpet tively. ; 
G 2 3ob, 


"I 


— — 
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Om having 306. Crol. 1. Hence, lenſes having long focuſes, have ſcarce any 
do or feng. ſenſible effects in magnifying or diminiſhing objects; and the nearer 
bly alter the they are brought to the eye, the leſs will be their effect; becauſe at the 
. ot center of the lens, the object and its image ſubtend the ſame angle. 
objects. Nevertheleſs ſuch lenſes may be uſeful ſpectacles, as their cauſing a 


different divergency of the rays of light may contribute towards a more 
diſtinct viſion, 


Objects ap- 307. Grol. 2. An image ſeen through a concave lens appears darker, 
ee Ne and through a convex lens brighter, if it be beyond the lens, than the 
cave, and object; neglecting in this laſt caſe the conſideration of the loſs of light 
yrs ar — by the lens. If a4 be the breadth and place of the pupil; it can re- 
CONnvEeX len les. . . . . 
| ceive no more light in the firſt caſe from the point P, than what is 
Pig. 67, contained in the ſlender pencil Psz; but in. the latter caſe, the pencil 
68. Pet is much broader than the former. In the one caſe the rays di- 
verging more, and in the other leſs; the pencils entering the eye in 

the firſt caſe are rarer or contain fewer rays, and in the latter they are 

denſer or contain more rays, than if theſe pencils had come directly 


from the object. 


A concave 308. Schol, 2. An object ſeen through a concave lens placed cloſe 

one eee to a common eye, always appears indiſtinct ; and this indiſtinctneſs 

eye cauſes in- will be the greater, the ſhorter is the focal length of the lens. But if 

diltincenels. the eye recedes back to a certain diſtance from the lens, the object 
will become diſtinct. 

When the focal length of the lens is ſo long, that the image appears 
as far as the object; the indiſtinctneſs is owing to that miſtake which 
cauſes a wrong conformation of the eye. But by retreating farther 
from the lens, the proportion of the true and apparent diſtances of the 

image become nearer to an equality; and ſo the indiſtinctneſs vaniſhes 
by degrees. 

Again, when the focal length of the lens is ſhort, the object ap- 

Fig. 67. pears indiſtinct, becauſe the rays diverge too much. Thus, if qa be 
the neareſt diſtance of diſtinct viſion, and 4 6 the ſmalleſt breadth that 
the pupil of the eye can be contracted to; the reaſon is manifeſt, why 
vition will be diſtinct when the eye is at a, and that it muſt be con- 
fuſed, if the eye approaches nearer to the lens than the ſaid diſtance Aa. 


An object 309. Schol. 3. If the eye continues to recede farther from the lens 
ee than the point a, the object will continue diſtinct, if it be ſufficiently 
may be indi. bright. For the image being near a concave lens having a ſhort focus, 
ftin®t throuzh does alſo always appear near it, and not far from its true place; the 
ur gangs lens itſelf, in this caſe, being as it were an object, to which the eye 

conforms according to the different diſtances. But as the eye recedes 


5 farther 
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farther from the lens, the image becomes continually darker ; and it 
may become ſo dark, as to be indiſtinct upon that account. 


310. Schol. 4. If a convex lens, having a ſhort focus, is not placed A» obi 
at ſuch a diſtance from an object, as to cauſe its erect image to be as 33 
far from the lens, as the neareſt diſtance of diſtinct viſion; the object a convex lers 
will be confuſed to an eye placed cloſe to the lens. As if 94 be the x4 * 
neareſt diſtance of diſtinct viſion; the image pgr will be neceſſarily t. 
indiſtinct to an eye placed nearer the lens than the point a. But if 
the eye retreats to @, the ſaid image will become diſtinct, and fo it Fig. 68. 
will continue as the eye recedes farther back, but diminiſhed in its 
brightneſs. But if Ag is not leſs than the neareſt diſtance of diſtinct 
viſion, the object will appear the diſtincter the nearer the eye is to the 


lens, becauſe then it will receive the more light. 


311. Schol. 5. The geometrical image pgr, of a ſtrait or plane ob- A flat object 
jet PQR placed perpendicular to the principal axis of the lens, 1 
© concave towards a concave lens, and © convex towards a convex lens. ſpherical. 
This curvity of the image, appears very ſenſible to both eyes looking Fig. 67, 
through a broad lens having a ſhort focus; but to one eye it is not ſo 68. 
apparent; and ſometimes the image will appear bent the contrary way, 239-1. 
as 20 & y. 

In all caſes, the middle of a broad image appears diſtincteſt; and 
our not being ſo well able to diſtinguiſh different degrees of diſtance 
with one eye alone, the different diſtinctneſs of the middle and ex- 
tream parts, ſeems to be the medium that cauſes our miſtake as to the 
true figure of the image. In the firſt caſe, the image being diminiſhed 
and obſcure, ſeems to be what leads us to fanſy that the rays from the 
extream parts, which are the molt obſcure, diverge from a greater di- 
ſtance than thoſe towards the middle. And in the latter caſe, the 
greatneſs of the image ſeems to be what cauſes our falling into a con- 
trary miſtake ; that is, the indiſtinctneſs of the extream parts ſeems to 
be now * imputed to their being too near, as they were before to their 
being too far, for diſtinct viſion. But in both caſes, by looking more 
attentively, theſe miſtakes are frequently corrected. 


312. If the eye be between the lens and the image pgr of en ob- Vitor be 
ject PQR, that object will appear erect, magnified, and contuicd ; and '. ny 
the farther the eye is from the lens, or the nearer it is to the image, jt hv 


the greater will be the confuſion. he principa- 
5 cus. 
Gg 2 Thus 


* It is true we are not ſenſible or conſcious reaſoning ; and being thus once acquired, they 
of theſe reaſonings, but this is no more than follow the others ſo quick as not to allow us 
what often happens to us in other cafes. Ideas time to refle&t upon them, or to diſtinguiſh any 
excited by our ſenſations are ſrequently produc- interval betwixt their growth and the ſenſation 
ave of others that were originally acquired from that cauſes them. 
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Thus, if the cye be at G, it ſees the points P, R, by rays converg- 
ing towards p, 7; the middle rays in theſe pencils being the lines Gp, 
Gr, which produced backwards are the lines G:, Go; and fo, the 
middle rays of the pencils proceeding from every point of the object 
PQR, will be refracted to the eye at G in lines, which if produced 
backwards, will lie orderly between Gz and Go; and therefore the 
object appears erect, where-ever the point G is taken between the lens 
and pgr. Again, the viſual angle G pr being greater than 
the angle PGR; the image appears magnified, if it appears as far as 
the object, which whilſt the eye is pretty near the lens, is generally the 
caſe, The object to a common eye appears indiſtinct, becaule the rays 
of the ſevera] pencils are united in the eye before they reach the retina; 
and fo upon the retina the rays from the adjacent points of the object 
are mixed together ; as in the caſe of viſion of remote objects to ſhort- 
ſighted perſons. As the eye retreats towards q, the confulion increaſes ; 
and before it has got to 9, the object will be quite loſt, and nothing 
will be viſible but a glare of light. During this retreat, the viſual 
angle is conitantly increaſing, and that the faſter, the nearer the eye 
has got to ; this angle being always equal to pGr, wherever the 
place of the eye or the point G is taken. As the confuſion increaſes, 
the object will ſeem to quit its place, and approach towards the lens, 
at which it will at laſt ſeem to ſtick. In this caſe, as we are deprived 
of the ordinary means by which we judge of diſtances, the greater 
confuſion and the greater viſual angle it ſeems are the cauſes of ſug- 
geſting the nearer diſtance ; as in naked viſion, the confuſion increaſes 
the more we approach a near object; though in the two caſes, the 


fect of the pencils, after their refractions into the eye, are on different 


ſides of the retina, But the lens itſelf being an object, between us 
and which, we perceive nothing ; the object looked at through the lens, 
appcars no nearcr than the ſurface of that lens. 

As the cye retreats beyond 9, a large, confuſed, and inverted image 
will begin to appear: During this retreat, the image will continue all 
the way inverted, and the confuſion will gradually leſſen, till the eye 
has got as far as the nearcſt diſtance of diſtinct viſion, which ſuppole 
to be 4. When the eye is at a, cr farther back than a, the image will 
appear diſtinct, if it appears alſo in its true place, otherwiſe not. The 
apparent place of the image is at firſt generally near the lens, and 
the eyes conforming themſelves accordingly, viſion is neceſſarily indi- 
ſtinct; but if the object is bright enough, by looking attentively to- 
wards the true place of the image, we ſhall ſoon perceive it in that 
place, and then, and not till then, it will appear diſtin& ; the image 
will alſo appear convex towards the eye, according to its true figure, 


if 
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if the object is a plane facing the lens. The reaſon of all the above phe- 
nomena are very manifeſt from an inſpection of the figure; and it is 
alſo manifeſt, that the field of viſion through a given aperture gh is 
conſtantly decreaſing as the eye retreats backwards from the lens; and 
when it is a pretty way off, it will be difficult to find the inverted 
image, for the eye muſt be pretty near the axis before it can meet 
the rays. At whatever diſtance the eye is from the image it appears 
erect or inverted ; and its apparent magnitude, as in other caſes, will 
be as its viſual angle multiplied by its apparent diſtance. 


313. The image 9 of a ſmall object Q, will appear double, as at When au 
mand n, when the axes dv, ev of the eyes are directed to a point ust care 


G beyond ; which is a caſe that frequently happens, and the reaſon EH 
of the phenomenon is very obvious from an inſpection of the figure, 

and from what has been © before explained. The image may alſo ap-* 59. II. 
pear double when the ſpectator is before it, if the lens is broader than 

the diſtance between the two pupils of the eyes. This caſe is the 

reverſe of the preceding, the image s, # being now on contrary fides 

of the optic axes dv, ev, as when we look ſhort of the object: But 

this phenomenon of a double image ſeldom happens. 


Some farther obſervations relating to viſion through lenſes, will oc- 
cur under the following propoſitions *, 
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314. A long ebjc@ placed nearly parallel to the axis of a convex leus, 
and whoſe fartheſt end is within the principal focus, appears through the 
lens protratted to a great length : Alſo a ſeries of {mall cbjects placed one 
behind the other in a line near the axis, the remotejl being within the 
focus of the lens, appear likewiſe extended to great diſtances. 

The geometrical image of the long object AB or CD, after refrac- Fig. 50. 
tion by the lens O whoſe principal focus is F, is *29 or cd: And Conſt, 
the geometrical images of the equal objects AC, GG, HH, II, KK, 

LL, BD, placed parallel to, and at equal diſtances from, one an- 
other, are ac, gg, bb, it, kk, II, bd. In many cafes, the di- 
vergencies of the rays in the pencils entering the eye, are not alone 
ſufficient to give us jult ideas of the places of the focus's of thele pen- 
cils, eſpecially when theſe focus's are remote from the lens: But in 
this caſe, being farther aſſiſted by the continuity of the images of the 
ſeveral parts of the long object, or of the ſeries of the other objects ; 
the apparent places of the ſaid images become thereby protracted to 


greater 


cSce alſo prop. XIX. XX. in the preceding ſection, where the parallel cles of viſion in ſpe- 
culams have been explained, 
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greater diſtances, ſo as to be nearer the geometric places, than if one 


part of the long object, or one of the objects placed crofs the axis, had 
been ſeen. fingly. Thus, the ſucceſſive changes undergone. by the eye 
in order to ſee the ſeveral parts of the image @ 6 diſtinctly, or the dif. 
ferent diſtintneſs of theſe parts if the eye remains at reſt, contribute 
to protract the whole apparant length; that is, the image of the re- 
moteſt point B will in this caſe appear farther, than if the point B 
only had been ſeen. But the apparent image will not exceed the ob- 
ject in length above a certain proportion, which will be the greater, 
according as the lens is deeper, and the object is nearer its focus. Alſo, 
although the apparent magnitudes of the images of the parts of the 
object continually increaſe, as theſe parts are nearer to the focus; yet, 
after a certain limit, they increaſe much ſlower than the geometrical 
images of thoſe parts. If the lens be broad. enough to admit both 
eyes to ſee through it at once, the phenomena will be ſtill more agree- 
able to the theories of the geometrical images. 


315. Schel. 1. If the object AB be placed farther from the lens, fo 
that the point B may be nearer the focus F, or even beyond that focus, 
the apparent image will be ſtill longer; and that not merely becauſe 
the geometrical images ot the ſeveral parts will be farther from the 
eye, but allo becauſe they will be indiſtincter and fainter, A greater 
indiſtinctneſs of an image cauſes it to appear farther, as in like caſes 
of b naked viſion: And when an image is diſtin, it will ſeldom ap- 


& 188. II. pear farther than the object is, when equally diſtinct to the naked eye. 
Pheno nena of 416. Schol. 2. The annexed figure repreſents the ſection of a box, 


a box with 


painted ſcenes 


explained. 


Fig. 71. 


in which are placed ſeveral ſcenes as AC, GG, HH, 11, KK, LL, 
BD, &c. on which are drawn the repreſentation of a camp, a colo- 
nade, or rows of trees, c. Theſe ſcenes are open in the middle, ex- 
cepting the laſt which is whole; that next the eye at AC having the 
wideſt opening, and the openings of the reſt are gradually diminiſhed, 
that to the picture on each fide may be ſeen. The front RB of the 


box is open, but covered with a thin canvas, or oiled paper, to hide 


the pictures within, and at the fame time to admit ſufficient light 
upon them. The box ſhould ſtand upright on account of enlighten- 
ing the ſcenes; for which reaſon it would be convenient to have the 
bottom wide enough for a ſupport, without other help. A convex lens 
may be fixed at the top r; but the repreſentation will be more natu- 
ral, and alſo more ſurpriſing, if the lens be fixed in the fide, as at O; 
a plane ſpeculum or looking-glaſs RS, being fixed at half right-angles 
to the axis of the lens. For then the images of the pictures will ap- 
pear in an horizontal plane; and prenotions of diſtance from the Ow 
lengt 
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length or depth of the box being thus removed, the imagination has 
a greater ſcope in increaſing the apparent diſtances of the images. 

In this figure, the focal length of the lens O is -F; and the ſcenes 
are ſo placed that their geometrical images are at equal diſtances from 
each other; the diſtance of the image of the remoteſt ſcene BD be- 
ing = Ob or Od fig. 70. Thele diſpoſitions of the ſcenes have been 
here obſerved, for the ſake of giving an idea of the places where their 
geometrical images do fall : But it will be beſt to place the laſt ſcene 
BD nearer to the focus F, or even a little below that focus; and fo 
the reſt reſpectively lower down, as experience will direct. For by 
this means the images of the remoter ſcenes becoming more indiſtinct 
and faint, they'll appear farther off; and according to the reſpective 
diſtances the ſeveral ſcenes ſhould appear at, their places in the box muſt 
be varied, ſo that no general rule for placing them can be here given, 
Things being properly diſpoſed, if the pictures are good and the ſub- 
ject well choſe, the phenomena will be ſurprizing enough. Inſtead of 
having the ſcenes, the ſides and end of the box might be painted; 
the box for this purpoſe being made a little taper, otherwiſe the far- 
theſt end would appear too wide. But the artiſt muſt have regard to 
the effect of the lens, and conſider the true diſtances of the images of 
the ſeveral parts, otherwiſe he will be liable to miſtakes, which will 


hurt his deſign. The ſame regard ſhould be alſo ſhewed both in paint- 


ing and placing the ſcenes. 

The effects of the little ſhew-boxes ſold at the toy-ſhops, having 
artificial fruits, flowers, &c. ſtuck to their ſides, are owing alſo to 
the cauſes above explained. 


PROP. XXVIII. 
317. To explain the phenomena of pictures ſeen through a convex 


lens, 


If a print or picture, placed upright againſt the wainſcot, be viewed 
through a convex lens, it will appear a little magnified, and a little 
improved. A lens uſed for this purpoſe muſt not be too deep; other- 
wiſe the field of viſion will be too ſmall, and we ſhall be too near 
the picture. For a ſmall print, a lens of about a foot focal length 
may be uſed ; and for a larger, a lens of about two or three foot fo- 
cus will anſwer better. But ſuch lenſes not magnifying much, and 
the adjacent objects to the picture being ſeen at the fame time or known 
to be very near; the leſs divergencies of the refracted rays are not ſuf- 
ficient, in the preſent caſe, to overcome this prejudice, 


Let 
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Let the ſame picture be included in a box, fo as to be detached 
from all other objects, and the effect will be very different. A pro- 


per box for this purpoſe may be a camera-obſcura, which will be de- 
{cribed towards the latter end of this ſection. lu this place, it is ſuffi- 


cient to obſerve that the box may be made on the ſame principle with 
that fig. 71. in which BD repreſents the picture at bottom, RS a 
reflecting plane; O the lens through which the picture is ſeen ere, 
and directly before the eye. By this artifice, and the excluding all 
other objects, the prejudices from prenotions of diſtances are removed; 
and being here aſſiſted by the painter's art, the picture, if it be a pro- 
per one, will be ſurpriſingly improved and magnified, 
| When the picture is placed at BD jig. 71. the diſtance of its geo- 
metrical image from the lens is O or Od fig. 70. But it will be 
better to place the picture ſtill nearer to the principal focus F, Now 
the refracted rays being nearly parallel, they affect the fight thus far 
as if they came from a remote object; the image alſo contains fewer 
viſible parts, than if it was really nearer, and ſo this cauſes ſomewhat 
of the ſame kind of indiſtinctneſs as we have when we ſee remote 
objects. We may alſo have the fame kind of obicurity, and this 
will be partly occaſioned by the loſs of light by the refraction of the 
ſpeculum and refraction of the lens; and the proper degree of obſcu- 
rity upon the whele may be obtained, by illuminating the picture in the 
requiſite proportion. All theſe cauſes conſpire together to make the 
images appear a great way off, and conſequently to appear proportion- 
ably large. The painter alſo, by repreſenting the remoter objects ſmaller, 
fainter, and leſs diſtinct; enables us to diſtinguiſh, as it were, ſome 
differences of apparent diſtances. And now the different lights and 
ſhades, and the reſpective inclinations of different planes, have their due 
effect, as in naked viſion, in exhibiting the reſpective parts and figures 
in their due poſitions and attitudes. And ſo upon the whole, inſtead of 
a picture upon a flat ſurfice, we have a lively proſpect of the ſcene 
1epreſented ; and we ſee, as it were, real objects upon their own baſis, 
and detached one from another. 
The repreſentation will be ſtill in many caſes better, if the lens 
be broad enough to admit both eyes to ſee through it ; and by retreat- 
ing a little back from the lens, the viſual angles of the images will 
be increaſed, and ſo therefore will be their apparent magnitudes. 
The apparent image in ſome caſes will be alſo deeper or more hol- 
low, if the print itſelf be made a little concave or hollow . . 
318. 


+ I have not been able to learn when it was convex lens; nor have I met with any attempt to 


Grit obſerved, that pictures are improved, by a explain that phenomenon, The box with the 
Open 
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18. Scbol. 1. A convex lens fixed in a frame to be held in the A portable 


hand, and having before it a plane ſpeculum inclined at the pro- Tata for 


View ing 


per angle, or moveable upon a hinge ſo as to be readily ſet to this prints. 


angle, will make a portable apparatus ior the pockets, and may be 


uſeful for viewing prints we caſually meet with abroad; the inclined 
ſpeculum being alſo advantageous here, for the reaſons above given. 
But yet I think, the ſame ſpeculum and lens when thus held in the 
hand, do not anſwer near fo well, as when they are fixed or placed at 
the end of a box; and that for the reaſons given in the preceding. 


319. Schol. 2. Prints and ſinall pictures may be ſo greatly improved, What prints 
by a convex lens, that it is well worth the while of thoſe who have ®ppear beſt 


the prints muſt be judiciouſly choſe: They ſhould not repreſent ob- 
jects that have great differences of apparent diſtances ; nor objects that 
are too near, or too ſinall The picture of the inſide of a church, 
for inſtance, becauſe of the faintneſs and ſmallneſs of the figures in 
the middle, will appear through the lens a little concave ; but not 
near ſo natural as it does in the concave ſpeculum, the point of ſight 
here ſeeming much too far off. For the geometrical image of the 
whole plane being really convex towards the eye, is a cauſe that coun- 
ter- acts the painter, and does in part fruſtrate his defiga ; and the 
reaſon why it does not wholly overthrow it, is the ſmallneſs of the dif- 
ferences of the divergencies of the rays from different parts of the 
image of the whole ; they being all of them nearly parallel when the 
image is far off, as it always ought to be. But although theſe diffe- 
rences, ſmall as they are, have their effects; yet are they leſs ſenſible 
than the ſmallneſſes of the middle figures; and they ceaſe altogether 
to be ſenſible, when the real objects have nearly the ſame apparent di- 
ſtances from the point of ſight, Again, when the objects are near, 
as within the breadth of a room; the diſtinctneſs with: which they ap- 
pear to the naked eye, cannot be expreſſed in the picture; and the 
picture itſelf, in this caſe, can be but little imyrove.l by th. 
hen ſome of the vijecis repreſented are very ſmal! in p.opUuuLn iv 
the reſt ; their pictures appear through the lens ſo indiſtin& and ob- 
icure, as to have a bad effect. 


In 


open ſcenes, fg. 71. wes firſt brought here from common in our ſhops, and the lens and looking- 
Holland in or about the year 1737 ; and either glaſs in frames joined by hinges, were not in- 
in thai year or the following, Mr. EL LIGHT troduced here till about the year 1742 Or 17433 
by the Royal Exchange had one made without although I think that Geav boxes ſomewhat ana- 
the bottom F, for the exhibiting of ſmall prints logous to thoſe now in uſe, were Carried about 
in a book, Cc. But the ſew boxes now ſo here by the poor Sawoyards, many years earlier. 


H h 


collections by them, to have a proper apparatus for the purpoſe. But through « 


onvex lens. 
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In general, the objects to be repreſented ſhould not be too remote, 
or too near the point of fight, but at ſuch a moderate diſtance as to 
appear from thence tolerably diſtin ; and there ſhould not be too 
great a diſproportion betwixt their magnitudes or viſual angles; the 
prints alſo ſhould not be drawn from too ſmall a ſcale. There are a 
great variety of landſkip prints or pictures, and alſo ſome hiſtorical 
ones, that will be greatly improved by the above method of viewing 
them ; and ſeveral of thoſe that receive the leaſt advantage from the 
convex lens, will be moſtly improved by the concave ſpeculum ; and 
dice verſa, So that by having a concave ſpeculum and a convex lens 
with the proper apparatus, we may, by one or other of them, greatly 
1mprove almoſt all forts of drawings or prints, if they are not too 
ſmall or too big. When they are very ſmall, it is not ſo eaſy to mag- 
nify them ſufficiently for repreſenting nature; and if they are too big, 
they cannot all be ſeen at one view; ſo that a regard ſhould be alſo had 
to the fizes of our prints. 


Nr. . 


320. The eye and an chject being placed in the axis of any lens, and 
neglecting the breadth of the pupil: The viſual angle of the object to the 
naked eye, will be to its viſual angle through the lens or to the viſual 
angle of its image; as the rectangle under the diſtance of the eye from 
the principal focus of the lens, and that of its conjugate focus from the 
object; to the rectangle under the focal length of the lens, and the diſtance 
between the eye and the object, very nearly. 


Let A be the lens, F its principal focus, and QAF its axis; QP an 
object facing the lens, the point Q of which is in the axis: And let 
O be the eye whoſe conjugate focus is o; that is, let the point e be 
ſuch, that any ray as Pa tending directly towards or from o, will be 
refracted to O. From the extream point P of the object to the point 
0, draw the line Pao; and from the center of the eye O, to the re- 
fracting point a, draw the line O @ and produce it to x; from O draw 
alſo the ſtrait line OS P. Now AOb or QOP is the viſual angle of | 
the object to the naked eye at O; and AO@ or QOx the viſual angle | 
of its image ſeen from the fame place; for the ray Pa is * refracted |} 
into 20; and QA goes directly to O unrefracted. I ſay, 


4 QOP : 4 QOx :: OF x: AF x OQ, nearly. 
When the above angles are but ſmall, as in viſion through lenſes the 


caſe generally is, Ab, Aa, may be taken without ſinſible error for their | 
meaſures 
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meaſures reſpectively. And becauſe of the ſimilarity of the reſpective 
right-angled triangles, it will be, 

Ab:QP:: OA: OQ, and 

QP: Aa :: o: A; therefore, 

Ab: Ag :: OAxXoQ: OQxoA. But OA: A:: OF: AF; 225. x, 
and ſubſtituting the like proportionals, it will be, 

Ab: Au :: OFxoQ: AFX OQ. 2, E. D. 


32 1. Corol. 1. When the object is very remote, it will be, 
A: Aà :: OF: AF; for then „Q and OQ being infinitely 
great, the ratio bet wixt them is a ratio of equality; and therefore, 
(OF xOQ: AF Xx OQ ::) OF: AF:: Ab: Ag. 


321. ] Corel. 2. If the eye O be in the focus F of a convex lens; Fig. 73, 
it will be, Ab: Aa :: OA FA): OQ (FQ). For o being now at an to 75. 
infinite diſtance; Q, A, are in a ratio of equality, 


PK OF. AKA. 


322. The image of an object ſeen through any lens will appear under 
the ſame wiſual angle, and in the ſame poſition in both caſes, if the eye 
and the olject change places, the lens remaining fixed. That is, if the pi 
objett be tranſlated from Q to O, and the eye from O to Q; the lens to 
in both caſes remaining fixed at A; the viſual angle of the image to the 
rye at Q, will be the ſame as it was when the eye was in O; and ac- 


cording as the image did appear erect or inverted before, it will ap- 
pear alſo the ſame novo. 


Retaining the ſame things and references as in the four preceding 6 
and correſponding figures, let be the conjugate focus of the point Q; 5 2 
that is, let the point 7 be taken ſuch, that Qf : QA :: QA: Qg. N 
Alſo, let the object Q tranſlated to O, be Op; and ſtrait lines being | 
drawn from to p and from Q to p, let the points where theſe lines 
cut the lens be reſpectively, v, y; and let, as before, the lines Ay, 

Av, be conſidered as the meaſures of the viſual angles of the object 
and its image reſpectively. 
Now, as in the preceding prop. it will be, 
Ay: Op :: QA: QO; and 
Oy: Av:: 90: A; therefore 
Ay: Av :: QAxqO: QOxgA. But QA: A:: Q: A; 
and therefore, Ay: Av :: OX F: OO XA. „ 


S* 725 
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Now, A: Aa::*OFxoQ: QOx AF. But becauſe AF=<Af, 
QOxAf=QOXxAF,; and therefore what remains to be proved is, 
that gOxXQf= OF xoQ. 
Becauſe, Q: Af :: AF: Fg; 
and, Af: fo :: OF: AF. Therefore, 

QF: /:: OF: Fg; and; 

F: Qf= of Q:: OF: (OF = Fg) Cg. Therefore 
Q/x4O=OFx2Q,; and conſequently, Ab: Aa:: Ay: Av; that 
is, the proportion of the viſual angle of the object to the viſual angle 
of the image, is the ſame whether the object be at QP and the eye 


at O, or the object be at Op and the eye at Q. But the viſual angle 


of the object is the ſame in both caſes, and therefore the viſual angle 
of its image is alſo in both caſes the ſame, 2. E. D. 

Again, we are to ſhew that the apparent poſition of the image 
is not changed, by ſhifting the places of the eye and the object. This 
is evident by comparing the correſpondent figures ; or it may be proved 
thus: If the lens be concave, the image is always erect. And when 
the eye O is between the convex lens A and its principal focus F; the 
object will appear erect, whatever be the diſtance AQ of the object 
from the lens. For if AQ be greater than A/, the inverted image 
will be neceſſarily behind the eye, and fo the object appear erect. It 
the object be placed at Op, it will then have an erect image, and there- 
fore will appear erect, whatever be the diſtance AQ of the eye from 
the lens. After the ſame manner, if the object PQ be between the 
focus F and the lens it will have an erect image: And it the object 
be tranſlated to O, and the eye to Q, the object will ſtill appear erect, 
becaule o, the conjugate focus to O, is farther from the lens than Q. 


When the diſtances AQ, AO, of the object and the eye from the 


lens are ſuch, that the point 9, which is the conjugate focus to Q, 
is between O and the lens; the image appears inverted : And ſo it 
will if the eye be tranſlated to Q, and the object QP to Op. For 


it being, F: FA ::*Af: /Q; and OF: FA:: A/: fo. The geo- 


metrical image is inverted, becauſe AQ is greater than AF; and the 
point o, which is the image of the point O of the object, does ne- 


ceſlarily fall between Fand Q, becauſe OF is greater than F. There- 


tore, e. E. D. 
323. Schol. By the tranſpoſition of the eye and the object, there 


will be neceſſarily a difference as to the diſtinctneſs in the two caſes, 
excepting when the lens is in the midway between Q and O; and 


the apparent magnitude of the object may be alſo different, notwith- 
ſtanding the equality of the viſual angles in the two caſes. Theſe diffe- 


rences 


r „ a 1 
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rences may not be much, when the lens is concave ; but they may be 

very conſiderable, when the lens is convex. When the eye is at O, Fig. 73. 
the object QP appears indiſtinct, becauſe it is ſeen by converging rays ; 

and its apparent magnitude will be greater or leſs, as it appears farther 

from or nearer to the lens. But when the eye is at Q, the object Fig. 77. 
will be diſtin, eſpecially if the diſtance AQ is not too great: In this 

caſe alſo, the apparent magnitude of the image will be generally greater 

than in the former, as the apparent diſtance 1s generally greater ; and 

the difference may be very conſiderable. A difference of diſtinctneſs 

and apparent magnitude, will be alſo obſervable between fig. 74, 73; 

and alſo betwixt fig. 75, 79; according to which of the diſtances O 4, 

or Qo, is the propereſt for diſtinct viſion: And when the image ap- 

pears in its true place, it will appear bigger from O than from Q, if 

Og be greater than Qo; and reverſely if Og be leſs than Qo. 


FK OF, . 


324. Any lens and the eye placed in its axis, being both fixed, while 
an object from being cloſe to the lens is moved farther from it along that 
axis: If the lens is concave, er the eye is nearer a. convex lens than its 
principal focus; the viſual angle of the image will conflantly decreaſe, 
as the object recedes from the lens: But if the eye is farther from a con- 
vex lens than its focus, the ſaid viſual angle will conſtantly increaſe, till 
the object has got to the conjugate focus of the eye; and after the object 
has paſſed that focus, the viſual angle of its image will decreaſe perpetually. 

CAsE 1. Let A be the lens, whole focus is F; O the eye, and 0 its Fig. 72,73. 
conjugate focus. Now it is maniteſt that the point à where the ſtrait 
line Pao cuts the lens, conſtantly approaches towards A, as the object 
OP recedes farther from the lens; and therefore the viſual angle AO 
of the image, continually decreaſes as QP recedes from A. VE. D. 


Cast 2. If, while a line QP is moved perpendicularly along the axis Fig. 74,75. 


AO, from A towards o, the point P be ſuppoſed to approach nearer to- 


wards Q, ſo as to keep conſtantly in the line 42e; or, if the ſaid line QP il 
be ſuppoſed to decreaſe perpetually till it comes to o, fo that the points | 
Q, P, are always in the lines Ao, a0 : The viſual angle AO @ of the 
image of QP, will remain invariable; and therefore the viſual angle 
of the image of an invariable object QP will conſtantly increaſe,. as 
QP recedes from A towards o; and the image will alſo appear erect. 
When the object is at o, its image will be cloſe to the eye at O. If 
the axis Ao, and the line ao, be indefinitely produced; the viſual 


angle 


238 A TAEATLSE Boox ll. 


angle of the image of an object whoſe extreams Q, P are conſtantly in 
the ſaid lines, will be the invariable angle AO And therefore the 
viſual angle of a given object, conſtantly decreaſes after it has paſt », 
the farther the object is moved from the lens; and the image will alſo 


appear inverted. Therefore, Cc. VE. D. 


Fig. 72, 325. Corel. 1. The tangent of the QP or Aa, is reciprocally 

to 75. as Q, and directly as Aa: For QQ is the co-tangent of that angle to 

Viſual angle the invariable radius QP; and Aa is its tangent to the invariable ra- 

1 dius Ao. And therefore the tangent Aa of the viſual angle AO a of 

procally as the image, is always reciprocally as the line Q; that is, as 0Q is in- 

Ss creaſed or diminiſhed, the tangent of the - AO a is diminiſhed or in- 
creaſed in the ſame proportion. And ſo when oQ 1s infinitely great, 
or infinitely ſmall; the ſaid tangent will be accordingly infinitely ſmall, 
or infinitely great. | 


326. Corel, 2. Becauſe the viſual angle of the object is always reci- 
procally as OQ, and that of its image in the reciprocal proportion 
Fig. 72. of Q; as the object recedes from a concave lens, the viſual angle of 
the image decreaſes faſter, than that of the object would do to the 
naked eye, if the lens was taken away. And when the eye is be— 
Fig. 73. tween a convex lens and its principal focus, the viſual angle of the 
object to the naked eye, decreaſes faſter than that of its image through 
the lens. But as AQ increaſes, the ratio's of „Q, OQ approach nearer 
to an equality ; ſo do alſo the ratio's of the decrements of the above 
angles, approach nearer to an equality. In fg. 74. the viſual angle of 

the image is increaſing, and that at a great rate, while the viſual angle 

of the object is decreaſing. And in fig. 75. after the object has paſt o, 

its viſual angle decreaſes flower than that of its image ; and that in 

the proportion as OQ increaſes ſlower than . 


Fig. 68. 327. Schol. If the eye be placed in the focus f of a convex lens; 


TEM 099. the image of a given object PQR will ſubtend the ſame viſual angle 
placed in the 


Fac of a con- at the eye, Wherever in the axis the ſaid object be placed. For con- 


- vex lens; the ceiving the ray fv to be returned back to the lens, it will be re— 


dne nage wil fracted in the line vPB parallel to the axis; and ſo wherever in the 
be the ſame, indefinite line v PB the point P be taken, its image will be ſomewhere 
_— in the line fvp. After the ſame manner, a ray proceeding from R 
from the lens, Will be refracted to f. Alſo the tangents of the viſual angles of the | 
object, and its image, will be reciprocally as FQ, FA; for Av, QP 
are in this caſe always equal, and therefore FQ, FA are the co-tan- 
gents of the above angles. But the diſtinctneſs, apparent place and | 


magnitude of the image, will yet be variable, 
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PROP. XXXII. 
328. The diſtance between a lens and an object being fixed, while the 


eye retreats back from the lens along the axis : If the lens be concave, 
or the object be nearer a convex lens than its focus, the viſual angle of 
the image will conſtantly decreaſe : But when the object is farther from 
a convex lens than its principal focus, the viſual angle will conſtantly 
increaſe till the eye has got as far back as the geometrical image; and 
after the eye has paſt that image, the viſual angle will perpetually 
decreaſe. 


This prop. is the converſe of the preceding. Let A be the lens, Fig 80, 
F its principal focus; QP the object, and gp its image. Now when to 53. 


the image is before the lens, as in fig. 80, 81. it is manifeſt that the 
viſual angle q Op conſtantly decreaſes, as the eye O recedes farther 
from A: juſt as the viſual angles of objects ſeen by naked viſion dimi- 
niſh, as the eye retreats from them. When the image is behind the 
lens, as in fig. 82, 83 ; ſince any ray proceeding from P, does after 
refraction proceed to the focus p; it is manifeſt that the viſual angle 
AOB under which the object is ſeen through the lens, is in this caſe 
alſo always =< 9g Op. And conſequently, till the eye has got to the 
inverted image, the viſual angle conſtantly increaſes; and after the eye 
has paſt the image, the ſaid angle conſtantly decreaſes, Therefore, 
Fc. N E. D. 


329. Corol. 1. The tangent of the viſual angle q Op or AOB, is 
always reciprocally as Og ; or the co-tangent of the -q Op is always 
directly as Og. And therefore when Og is infinitely increaſed or 
diminiſhed, the angle 4 Op will be the leaſt or greateſt poſſible. 


330. Corol. 2. As the eye recedes from a concave lens; the viſual 
angle 0) of the image, decreaſes faſter than the viſual angle QOP 
of the object, ſeen by naked viſion : And the contrary happens, when 
the object is between a convex lens and its principal focus. Becauſe in 
the firſt caſe, the diſtance O g of the image 1s leſs, and in the ſecond caſe 
greater, than the diſtance G of the object. But as the diſtance AO 
increaſes, the ratio's of the decrements of the above angles, will approach 
nearer to an equality. When the image is behind the eye, its viſual 
angle increaſes the taſter, the nearer the point O of the eye approaches 
towards it ; and after the eye has paſt the image, the viſual angle at firſt 
will decreaſe very faſt, and afterwards flower by degrees. 

2 


331. 
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Fig. 68. 331. Schol. If an object be placed in the principal focus F of a con- 
2 all 5 vex lens; its image will appear under the ſame viſual angle, at all di- 
cre hom » ſtances of the eye from the lens. For in this caſe, the rays PS, Po, 
convex lens, Pf, Fc. will be refracted into the rays 5@, vf, 7G 6, &c all parallel 
ND in ihe to one another, and to the ray /; and fo wherever in the axis the eye 
focus ; the be placed, as at G, f, or a, CC. the viſual angles AG t,Afv, A ag, 
3 &c. will be all equal. In this caſe alſo, the image will always appear 
be invariable. erect. 

But here alſo, the diſtinctneſs, apparent place and magnitude of 


the object will be variable. 


When the ob- 332. Corol, When Q is in F, the Z Af = QAP: For Av= 
ject is in 22 QP, and AF A. And therefore if the eye be in /, the viſual 
eye in the angle of the image, will be double the viſual angle of the object, ſeen 


other focus o by the naked eye from the ſame place. 
a convex lens; 


2 vil aal <of 
Trudles of 
the object. P-R 0 FP. XXX. 


333. The eye and an object remaining fixed in the ſame places, while 
a lens is moved between them, fo that ils axis 1s always in the line join- 
ing the eye and the fame point of the object: If the lens be concave, 
the viſual angle of the image will be leaſt of all, when the lens is in the 
middle point betwixt the eye and the object; and the viſual angle will 
continually increaſe, as the lens is moved from the middle tawards either 


extream : If the lens be convex, and its focal length greater than + of 


the diſtance betwixt the eye and the object; the viſual angle will be greateſt 
of all, when the lens is in the middle ; and it will continually diminiſh, as 
the lens is brought nigher either to the eye or the object: But if the 
focal length of the convex lens, is leſs than + of the diſiance betwixt the 
eye and the object; the viſual angle of the image will be then leaſt of 
all, when the lens is in the middle betwixt them. 


Fig. 84, Let O be the place of the pupiljof the eye, whoſe breadth is here 
to 91. not regarded; Q the object; A the lens in the middle between the 
85 and the object; that is AO:=AQ, the pomts F, /, the prin- 

pal focus's of the lens when it is placed at A; and G, g, theſe fo- 
cus's when the lens is moved to 4. When the lens is in A, o is the 
comugate focus to the eye, and v that focus when the lens is at a; 
that is, the incident rays whoſe focus are at o, v, reſpectively, have 
their focus at O after refractions. 


2 Now 


© © mo 
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Now OF x fo="OG xgov="AF®* ="2G*; and io, 227. 1. 
OF: OG:: vg: . And when the lens is in 11 it will be, 


viſual £- of the image: viſual C of the objet :: 8 - oo : dv 2 8 * 320. Il. 
The two fuſt of theſe rectangles are equal, becauſe a C AF; Conft, 
and they are alſo invariable : Therefore the viſual angle of the image 
when the lens is in A, or at any other point @, will be reciprocally as 
77 rectangle OF x Q, or OG x QU. Again OF = , and 
g=*F CG. 


334. CAsE 1. The diſtance between the eye and an objef being fixed, 
while a concave lens is in motion from either of them towards the other 
T ſay tbe viſual angle of the image will decreaſe continually, till the 
lens has got into the middle, where the ſaid angle awill be leaſt of all ; and 
after that it will increaſe continually, and that at the ſame rate that it 
decreaſed before. 

For OF: OG *c-Qg : ; and therefore OF: OG c Q (Qg Fig. 84. 
vg): Q Q- ). Wherefore OF x QO C OG x Qv; and 
conſequently the viſual angle of the image is leſs when the lens is in A 
than when it is in any other point 3; and it is manifeſt that as the 
point à approaches nearer to O, the ratio of OF x Q to OG x Q 
continually increaſes. Therefore, &c. 2. E. D. 


335. CAsE 2. When a convex lens, whoſe focal length is greater than 
one fourth of the diſtance between the eye and the object, is placed in the 
middle between them : I ſay the viſual angle of the image is then greateſt 
of all; and that this angle continually decreaſes, as the lens is brougbt 
N either to the eye or the object. This caſe, as to the conſtructions 
of the figures, admits of the fix following varieties. | 
1, 2. When both the focus's F, G, are before O; or when they are Fig. 8 5, 
both behind O, and the focus g is beyond Q. 86. 
We have OF: OG cg Qg: QF; and therefore OF: OG -2Qv 
(wg—Qg) : Qs (of—Q)). 
3, 4. When the focus's F, G, are both behind O, and the focus g Fig. 87, 
is nearer the eye than Q is; or, the focus G only is behind O. 88. 
It will be, OF: OG Qv(vg+Qsg): Q (of —QF.) There- 
fore in each of theſe four caſes, OF x Q 2OGxQv; and conſe- 
quently the viſual angle of the image is greateſt when the lens is in A; 


and 


* ſignifies that the quantity before it is ratio of Qg to QF; the reaſon whereof is, 

ter than that which follows, and - ſignifies becauſe FG = fg, and OF-2Qg, OF being 

e contrary : The expreſſion referred to ſignifies . The like is to be underſtood in the ex- 
that the ratio of OF to OG is greater than 1 preſſions that follow. See alſo note * page 46. 
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Fig. 89. 
$ 332, II. 


Fig. go. 


« 227, Ul. 


C222. II. 


\ 
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and it is manifeſt that it decreaſes continually, as the point à approaches 


towards O. 
5. When is in F, Q will bealſoin 7. And it will be, when the 


: r 
lens is in viſual C image : viſual C object :: . %S. 0GxQ». 
But 2G x OQ = 24, becauſe OQ=*24aG; and OG x Q 
OG x gv+ OG g . But OG x g 4G“; and therefore a G x 
OQ -a 206 x Qv, Therefore the viſual angle of the image when 
the lens in A, is greater than when it is in any other point 2. E. D. 
6. When O is in G; it will be when the lens is 
in 1 viſual C image : viſual C object :: * 90. +" Ws 
And OQ : Oa:: OQ x Qo:QoxOag. But Q: O AF: OF; 
For AF:OF::<Af:FQ::*Ao: (AO) AQ :: fo (AC -A): Af= Oa. 
Wherefore AFx OQ : OF xQo OQxQ0o:QoxO4; and conſequently 
the viſual angle of the image is greateſt, when the lens is in A. Q. E. D. 


336. CAsE 3. When the diſtance between the eye and the objed, is 
greater than four times the focal length of a convex lens; the viſual 
angle of the image will be leaſt of all, when the lens is in the middle be- 
tween the eye and the object. 

For OF: OG - Qg:Qf; and therefore 


OF: OG © Q (g — vg) : Q (Qf—of.) Wherefore 
OF x Qo © OG xQv; and conſequently the. viſual angle of 
the image is Teaſt when the lens is in A. 2. E. D. 
In all the above caſes, if the point à be taken betwixt A and Q; 


the caſe will be the ſame as if the eye and the object changed places, 


whilſt the point @ retained its former poſition ; and which ever fide of 
A the point @ be taken, if the diſtances from A be equal, the viſual 
angle of the image will be the * ſame in both caſes. Therefore, &c. 


9. E. D. + 


Fig. 84, to 337. Schol. 1. In the two-firit caſes the object appears always erect, 


90. 


Fig. 91. 


at whatever diſtance from the eye the lens be placed. This is ſelf- 
evident, if the lens be concave; and when the lens is convex, becauſe 
OF FA, if Q is beyond /, o will be alſo beyond Q; and there- 
fore the image of Q will be behind O, whence the object neceſſa- 
rily appears erect. 85 


338. Scbol. 2. In caſe the third, the image will continue inverted 
till the lens has got into a certain point B, ſo that Qh : QB :: QB: Q, 
the point Y being the focus of the lens when it is in B. For then the 

image 


When OQ=—=4AF, and AQ= AO, the image of Q will be in O, and therefore inviſible. 
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image of Q will be in O; and ſo it will alſo be, if the point B be 
taken as far diſtant on the other ſide of A. During the motion of the 
lens from A to B, the viſual angle of the image was continually in- 


creaſing ; after this the image will appear erect, and its viſual angle 
will decreaſe as the lens approaches nearer to O. 


To find the point B; take OC = 2AF, and betwixt AO, AC, find 
the mean proportional AB, which gives the point B required, Becauſe 


AB: AO :: AC: AB:: BC (AB—AC) : BO (AO—AB), * Hypoth. 
Therefore, QB (AB -+ AO): AO:: OC (BC-+ BO): BO; and 

: 22 (AO) :: S C): BO:: QB: QO :: Bb: BO. > Conf. 
Wherefore, Qþ (QB - BY): QB :: QB (QO - BO): QO. 2. E. D. 


339. Schol, 3. In ſome caſes, the viſual angle of the inverted image * 
may be equal to the viſual angle of the object ſeen by naked viſion. 


f For whenever QA : Ag :: OQ: Og; the angles QOP, q Op are equal. Fig. 83. 
For, QP:q4p:: AQ: Ag; and when QP:QO:: 9p: 90, the tri- 
8 angles QOP, 4 Op are equiangular. This can never happen but when 
5 the eye and the object, are each of them farther from the lens than 
4 twice its focal length; and the diſtance of either of them from the lens 
- being given, to find the place of the other when the ſaid angles are 
equal, 
Met AG and AH, be each equal to twice the focal length AF, of the 
lens. Say OG : GA :: AH : HQ, and by this proportion we have 
f either the point O or the point Q. 
Becauſe OG: GA :: AH: HQ; it will alſo be, 
; | OA (OG + GA) : GA :: AQ (AH + HQ) : HQ. - 
5 And OQ (OA + AQ): AQ:: AQ (GA + HQ) : HQ. 
+ But AQ : Qq ::*QF : QA. 227. l. 
4 Therefore by multiplying, OQ: Qgq :: QF: HQ. Again, 
Og (OQ—Qz) : OQ:: AF (QF H == FH) F:: J: AF. 1 
N Therefore, il 
. =D... AF: QF:: fg: Af:: AF(=Af) +f9q: QF+AFf) Ag: AQ. | 1 
= If the ratio of OQ to O g, be greater or leſs than the ratio of AQ to 
4 Ag, or of Q to 9p; the viſual angle of the object, will be accordingly 
of leſs or greater than that of the image. | 
We have now determined the ratio's of the viſual angles of the ob- 
d ject and its image, in all the caſes that can happen: But the apparent 
), magnitudes will not be always as theſe angles; and it will not be amiſs 
he therefore, to add ſome farther obſervations concerning the phenomena 
* themſelves. There will be ſome difference alſo in the proportions of 


11 2 the 


Fig. 83. 


Apparent 
magnitude 
through a 
concave lens, 
when the 
lens, the ob- 
ject, or tae 
eye are in 
motion. 


Fig. 67. 
334. II. 
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the viſual angles, on account of the aberrations of the lenſes; but it 
would have been needleſs to have burdened the above propoſitions, 
with theſe conſiderations. 


340. When any lens, either concave or convex, touches the object, 
it then diminiſhes or magnifies the leaſt poſſible; the object and its 
image being then nearly coincident, and the neareſt to an equality that 
it is poſſible for them to be. When the lens is brought as near the 
eye as may be, without offending it, which leaſt diſtance betwixt the 
lens and the cornea, may be about one eighth of an inch ; the viſual 
angles of the object and its image are ſo nearly equal, that their dif- 
ference is ſcarce ſenſible, unleſs the lens has a ſhort focus, as not ex- 
ceeding a few inches, But yet in this caſe, if the focal length of the 
lens does not exceed two or three feet; an object ſeen through a 
concave lens will be ſenſibly diminiſhed, and an object not farther 
from a convex lens than its focus, will be ſenſibly magnified by it; 
and theſe differences of apparent magnitudes, are generall more owing 
to the differences of apparent diſtances of the object 0s þ the images, 
than to the difference of the viſual angles, though theſe alſo contri- 
bute their ſhare ; that is, becauſe the image ſeen through a concave 
lens generally appears nearer, and through a convex lens farther, than 
the object. 


341. An inverted image, when it ſubtends the ſame viſual angle at 


the eye that the object does, appears leſs, and generally much leſs, 


than the object. For the image in this caſe, always appears nearer 
than the object, its apparent place being generally at or near the lens; 
and if it be ſeen in its true place, as at gp, its apparent magnitude will 
be ſtill leſs. 


342. To a given diſtance between the eye and an object, a concave 
lens generally diminiſhes the moſt, when it is brought neareſt to the 
eye that diſtin& viſion will admit of. Thus, the given diſtance be- 


' tween the eye at &4, and the object PQR, being 3 Q; if the lens A be 


brought ſo near to a, that ag is the leaft diſtance of diſtinct viſion, 
and AQ be greater than aA; the apparent magnitude of the image 
will be generally the leaſt it can, for that diſtance of the eye and the 


object. For if the lens be moved nearer towards the object, although) 


the viſual angle will be * diminifhed till the lens gets to the middle be- 
tween @ and Q, yet the image will be enlarged; as if AQ Ay, the 
the image of PR = HK will be 5. But the apparent diſtance 
of the image from the eye, if the lens is not very flat, increaſes at 
leaſt nearly, at the ſame rate that the true diſtance ag is increaſed 4 
an 


Fond 


2 
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and therefore, whilſt the real magnitude of the image is increaſed, its 
apparent magnitude muſt alſo increaſe. me 

Again, if while the lens and the object remain fixed, the eye re- 
treats farther back ; and if during this retreat, the image appears in the 
ſame place, as is generally the caſe at leaſt nearly, it will appear all the 
while of the ſame magnitude ; and that for the ſame reaſon, that ob- 
jects at moderate diſtances from the naked eye, appear ſtill of the ſame 
magnitude while theſe diſtances are varied. But if the image ſhould 
ſeem to approach nearer to the lens, this will cauſe it to appear ſome- 
what diminiſhed. ; 

If while the eye and the lens remain fixed, the object be moved 
farther off ; the apparent magnitude of the image will be conſtantly 
diminiſhed. For whilſt its viſual angle is diminiſhed, its apparent di- 
ſtance is ſcarce at all increaſed. In this caſe, the geometrical image is 
diminiſhed, whilſt its apparent and true place are nearly coincident. 


343. In viſion through a convex lens, the viſual angle of the image Apparent 
has frequently a greater ſhare in the idea we form of its apparent — 
magnitude, than when we look through concave lenſes ; and that be- convex lens, | 
cauſe, when the image is far beyond the object, the divergencies of 3 oo 
the rays alone are not ſufficient means for diſtinguiſhing its true place ; viſual angle. 
and the apparent diſtance of the image, when it is before a convex 


lens, is ſeldom ſo far as its true diſtance. 


344. The object and a convex lens being fixed at a given diſtance, Apparent 
leſs than the focal length of the lens: As the eye recedes farther back, the ob- 
from being cloſe to the lens, the apparent magnitude of the image will jet and a 
generally increaſe for a little way; for the viſual angle will be dimi- a boch ed, 
niſhed in * leſs proportion, than the apparent diſtance is increaſed. If the eye being 
the geometrical image is a good way farther than the object, its appa- 0. 
rent magnitude may continue to increaſe, till the eye has got as far as 330: II. 
it can ſee the whole object thro' the lens; and the object being ſeen to 
fill a greater part of the lens, contributes alſo to this phenomenon. But 
when the object is pretty near the lens, that is, when its image is not 
far beyond it; after the eye has got to a ſmall diſtance from the lens, 
the apparent magnitude may vary inſenſibly; becauſe the increaſe of 
the apparent diſtance, and decreaſe of the viſual angle, become nearer 
to a ratio of equality ; or the increaſe of the one and decreaſe of the 
other, may for a while continue exactly proportional, as the image 
may ſeem to move a little nearer to the object. Or the apparent mag- 
nitude of the image may decreaſe, by its ſeeming to approach ſo to- 
wards the object, that the increaſe of the apparent diſtance ſhall be in 
2 leſs proportion, than the decreaſe of the viſual angle. And hence, 
it 
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| it is eaſy to account for all the different phenomena, that may happen 
by placing the object at different diſtances from the lens, towards its 

focus; or by uſing different lenſes. Rog e 
If the object be placed in or very near the focus, the apparent mag- 
nitude will increaſe all the way as the eye recedes from the lens. For 
331. II. the viſual angle of the image © remains the ſame, whilſt by retreating 
from the lens, its apparent diſtance is increaſed. And if the object is 
placed beyond the focus; the apparent magnitude will be neceſſarily 
increaſed, as the viſual angle will be increaſed, till the eye has got as 
far back as the image. After the eye has paſt the image, its apparent 
magnitude will remain the ſame, if it be ſeen conſtantly in its true 
place; but if it ſeems to hover about the lens, as the cafe frequently 


is, its apparent magnitude will decreaſe, as the viſual angle will di- 
miniſh faſter, than the apparent diſtance is increaſed. 


The eveand 345. The diſtance between the eye and a convex lens remaining in- 
the lens being variable, whilſt the diſtance betwixt an object and the lens is continually 
ep ov :: increaſing : If the eye and the object are pretty cloſe to the lens, the appa- 
in mon. rent magnitude will continue, for a while, pretty much the ſame ; for in 
this caſe, the increaſe of the apparent diſtance and decreaſe of the viſual 
angle, will be nearly proportional: But if the object be moved ſo far, 
that its apparent diſtance through the lens, increaſes ſlower than its 
true diſtance ; the apparent magnitude will decreaſe. If the ſtation 
of the eye be nearer the focus of the lens, the phenomena will be dif- 
ferent; and the apparent magnitude of the object, as it retreats from 
the lens, will conſtantly increaſe, at leaſt till it has got to a certain 
diſtance off. Becauſe here, the viſual angle decreaſes flower than the 
apparent diſtance increaſes ; and when the eye is in the focus, that 
« 227.11. angle* continues invariably for all diſtances of the obje& from the lens. 
; If the eye be without the focus, as the object is moved from the lens, 
Fig. 68. the apparent magnitude will increaſe ſtill faſter : For in this caſe, the 
viſual angle itſelf will be increaſed ; as the image of a point P moving 
parallel to the axis A 9, will be always ſomewhere in the line Fp; 
and therefore when the eye is at a point a, further from the lens than 
} ; the farther is the point 2, the greater will be the viſual angle gap. 
And whether the eye be within or without the focus, if it be not far 
within it, the apparent magnitude will increaſe after the object has paſt 
the focus ; for the viſual angle continually increaſes, as the image be- 
hind advances forwards towards the eye ; and till the image has got 


before the eye, the apparent diſtance of the object is never leſs than 
that of the lens. | p 


In this and the preceding, there will be ſome difference in the 
phenomena, on account of the aberrations of the lens : Alſo there will 


be 


„ 


1 | | 
Of tot WH 
TTL e e 


hy „ e nl 
Koi 0 


+ 
o 


4 © 
1 


ll 


| 


| 
{ 


% 
% 
| 


| 
% 
12 
oy 


Wl 


— | 
— 


' 
8 


My hy > — 


— 


- r 
{11 MN 5 W IJ 


——— _ 


LE I 
— „ . 
— 


— 


„1 1 
— 


„„ „% „„ 


--- 
22324 
„„ 


* --- 
by . —ů—xů * 
—— _— 
99 — HS SESSVER SEASSOS — 
* —_—_ —— — 


. — 
—— 


— 


* + 
* 
nn. 
© a 
- 
- 


___ 

©. 

| 4+, 
„ 


8 
> 


| 7 
— 3 p 


* 
*. 
„** 


. . 
— 
— 


= 
F 


% ˙—˙—' , 7 «r˙m⁵˙0, ]˙— , «—7èOT„Ä 0 Ws Ek 


+ 


n 
t] 


Sect, IV. OF OP T3 © 9; 


be frequently a difference in the apparent place of the image, accord- 


ing as the eye is vigorous or fatigued, Cc. and that will cauſe a diffe- 
rence in the apparent magnitude. 


346. It has been © ſhewed, that when the diſtance between the eye Phenomena 


When the evo 
2nd odje 


the viſual angle will be greateſt of all, when the lens is in the midway xd, while 


the lens 


and an object, is leſs than four times the focal length of a convex lens ; 


between them : The apparent magnitude in this caſe, will be alſo 

reateſt of all, when the lens is not very near either to the eye or to 
the object, but not always when it is in the middle betwixt them. For 
as the lens is held at different diſtances from the eye, the apparent 
diſtance of the object will be different; and the apparent magnitude 
will be greateſt of all, when the rectangle under the viſual angle and 
the apparent diſtance, is greateſt. The apparent diſtance is commonly 
greateſt of all, when the lens is ſo placed, that the object is near its 
principal focus: And when the diſtance between the eye and the object, 
is much above twice the focal length of the lens, as three times or 
more that length; the viſual angle varies but ſlowly, as the lens is moved 
a little either way from the middle. And hence, when the diſtance 
between the eye and the object, is ſenſibly greater or leſs than about 
twice the focal length of the lens; the apparent magnitude is com- 
monly greateſt, when the lens is accordingly nearer the object or nearer 
the eye, than the middle. But in looking at an object, we naturally 
place the lens ſo, as upon the whole the object appears beſt ; and this 
it does not always when it is moſt magnified. For if the eye is ſuited 
for viſion at common diſtances, as in all the above obſervations were 
ſuppoſed; the object muſt be placed a little within the principal fo- 
cus, that it may appear to the beſt advantage. 


347. From the preceding obſervations about viſion through convex 
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motion. 


9335. 


e 


18 1 


fa 


An object 


may be more 


lenſes, it is manifeſt that an object may appear bigger through a lens magnified by 


of two or three feet focus, than through a lens of half that focal # ſhallower 


length; according as the proportions of the diſtances betwixt the eye, 


ens than 


with a deeper, 


the object, and the lenſes are differently circumſtanced. But yet there and why. 


is another cauſe that may produce theſe phenomena. An image ſeen 
with both eyes through a broad convex lens, will ſometimes appear 
two or three feet or conſiderably more, beyond the object, it the lens 


has not a very ſhort focus: And generally, if the focal length of the 


lens does not exceed a certain limit as about arm's length ; the longer 
it is, the farther off beyond the object the image may be perceived. 
Thus, through a lens of a foot focus, the apparent diſtance of the 
image beyond the object, may be proportionably greater than if we 


look through a lens of fix inches focus ; the diſtances betwixt the eye, 
5 the 


* — — —— 4. — 
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the object and the lenſes, being proportional in both caſes. The rea- 
ſon whereof ſeems to be, that the flatteſt lens being fartheſt from the 
object, the eyes adapt themſelves the eaſier for viſion at a greater di- 
{tance ; and the rays being refracted more uniformly by the flatteſt 
lens, may probably be another reaſon of our being the better able to 
diſtinguiſh the places, from whence they diverge to the eyes. If the 
propottion of the apparent diſtance through the flatteſt lens to that 
through the deepeſt, be greater than that of the viſual angle through 
the deepeſt to that through the flatteſt lens; the object will appear 


biggeſt through the flatteſt lens. Theſe phenomena happen only in 
particular caſes, and not frequently. 


Magnifying 8. Hence it appears, that the proportion of the a nt mag- 
— — — of an object ben through 5 different lenſes, ee. be = 
lenſes, reci- actly aſſigned by having given the focal lengths of theſe lenſes, and 
Pony the diſtances of the object from them. However, it may be reckoned 
lengtls, in the general, that the magnifying powers of convex lenſes, and the 
bear. diminiſhing powers of concave lenſes, are reciprocally as the focal 
lengths, nearly, Let an object be placed ſucceſſively in the focus's, 
or at ſimilar diſtances from the focus's of two convex lenſes ; the eye 
being alſo placed ſucceſſively in the other focus of each lens: The 
viſual angles of the images in theſe two caſes, will be reciprocally as 
the focal lengths of the lenſes ; and therefore if the apparent diſtances 
of the images from the lenſes, were equal in the two caſes; the appa- 
rent magnitudes would be reciprocally as the focal lengths of the 
tenſes : But as the image ſeen through the deeper lens, will hardly ever 
appear fo far as it will through the other; ſo the ratio of the appa- 
rent magnitudes through the two lenſes, will be nearer to an equality 

than that of the viſual angles, 
The apparent magnitude of a remote object, ſeen through two 
concave lenſes of ſhort focus's, will be very nearly in the reciprocal 
proportion of their focal lengths: The diameters of the images will 


be exactly in that proportion; and if the eye be at proper diftances, 


they will appear very nearly in their true places, that 1s, in the fo- 


cus of each reſpective lens. But when the object is near, the deeper 


lens will not diminiſh fo much more than the other, as in the above 


proportion, 


PROP. 
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349. To determine the wijible area, or breadth of the field of viſion, 
through a given * aperture of a given lens; the place of the eye, and of 
the indefinite plane or object, being alſo given. 


Let A be the lens, whoſe center is A, and focal length is AF; AB Fig. 80, 
the ſemi-aperture of the lens, O the place of the eye, and PQ the to 83. 


indefinite object. Having drawn the indefinite image pg, draw the 
line OB, and produce it till it cuts the image in ; through the point 
p draw the axis Ap, and produce it, as the caſe requires, till it cuts 
the indefinite object in P. Now it is manifeſt that pg, contained be- 
tween the axis OQ and the line O By, is the breadth of the viſible 
image through the ſemi-aperture AB, and that PQ is the part of the 
object whoſe image is pg. Therefore PQ is the viſible area through 
the ſemi-aperture AB, E. J. | 

The above conſtruction, regards only the extream rays that enter 
the center of the pupil; but if the breadth of the pupil be conſidered, 
the viſible area will be ſomewhat larger. Let, as before, O be the cen-- 
ter of the pupil, and O 5 that ſemi-diameter of it which lies on the 
contrary fide of the axis that the point P is of. By drawing the line 
bB till it cuts the image, and a line from the center of the lens through 
this point of interſection till it cuts the object, we have the viſible area 


Q x, as before. 


350. Schal 1. Hence the viſible area is greateſt when the eye is Field of vi- 
cloſe to the lens: And the lens and object being fixed; the part in ſionthe grcat- 


er, the nearer 
the eve is to 


recedes from the lens, unleſs the image is behind the eye; in that cafe the lens. 


view through a given aperture, will decreaſe perpetually while the eye 


it will decreaſe only till the eye has got to the image, and after that it 
will increaſe perpetually, But notwithſtanding, as the eye recedes from 
O farther back; the decreaſe of the viſible area in fig. 80, 81, and the 
increaſe of it in fig. 83, has but a ſmall limit. For, ſuppoſing the pu- 
pil contracted into a point, the image pq in both caſes will be equal 
to AB when O is at the greateſt diſtance ; that is, when OA, OB are 


parallel, Whence by making 9 þ == AB, and drawing the axis ApP; 
we have the ſmalleſt field in the one caſe, and the largeſt in the other, 


that can poſſibly happen. In fig. 82. when the eye is in g, gp cannot 
exceed Op the ſ{emi-diamecter of the pupil: But in this caſe indeed, 
nothing can be ſeen on account of the indiſtinctneſs. 


351. 
Ny the aperture of a lens or ſpeculum is meant ſo much of it as is open and not covered. 


K K 


Fig. 8 1 * 
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351. Schol. 2. When the eye is in the focus F of a convex lens, 
the viſible area of an object placed any where in the axis on the other 
ſide, will be equal to the aperture AB. For in this caſe, if the ray 
OB or /B be ſuppoſed to return backwards to B, the refracted ray 
PP will be parallel to the axis AF; and therefore where- ever PQ 18 
placed in the indefinite axis Ag, the ray PB will be refracted to O, 
and the viſual angle pO 9g will be invariable. 

352. Scbol. 3. If the places of the lens, the eye and the object be 
given; and alſo the breadth of the object, to find the leaſt aperture of 
the lens through which it may be ſeen. Find the image gp of QP, 
and draw the lines qO, pO; and that part of the lens which is in— 
cluded between them, as AB, will be the aperture required. In like 
manner, if QP and AB are both given; and it be required to find 
the point O, where the rays QA, PB interſe& after refraction by 
the lens. Produce A, pg till they meet, and that will give the point 
required. 


353. Schol. 4. If a lens held before the eye be moved quickly up, 
or down, or ſidewiſe; an object ſeen through it will alſo ſeem to move 
or dance, at the ſame time. And if the lens is concave, or the eye is 
behind the inverted image of a convex lens, as in fig. 83; the object 
will ſeem to move the ſame way that the lens is moved : In the other 
caſes, as in fig. 81, 82; the apparent motion of the object ſeen through 
a convex lens, 1s the contrary way, 

From the point P of the object, draw the line P O to the center 
of the pupil O. Now let the ſens be moved upwards till its center 
Aisina; and the point P which before was ſeen in the line OB, 
will be now ſeen in the line Oa; P4 O being now the axis of the pen- 
cil of rays proceeding from P to O: And conſequently P appears in 
a different place from what it did before; and for the ſame reaſon it 
will ſeem to move, and alſo every other point of the object, all the 
while the lens is moved. The phenomena will be ſame, if while the 
lens is fixed, the ſpectator moves his head. 


54. Cor. And hence we have a ready way of finding whether a 
flattiſh glaſs, has its ſides truly flat and parallel; or whether the glaſs 
is a Concave or a convex lens. For if the glaſs has its fides flat and 
parallel, the apparent place of the object will remain invariable while 
the glaſs is moved before the eye ; becauſe the rays are refracted alike 
by every part of it. And if while the glaſs is moved, the object ſeems 
to move, the glaſs has a focus ; and by obſerving whether the motions 
of the object and the glaſs are the ſame way or contrarywiſe, we know 
whether the glaſs is a concave or convex lens, 


3555 
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355. Schol. 3. If the diſtance AO of the eye from a concave lens Fig. 80. 
be tuch, that AB—=Ba; the field of viſion through the given aper- 
ture AB, will be twice as wide, as it would be to the naked eye look- 
ing through an aperture of the ſame ſize, and at the ſame diſtance 
trom it. And the point P will continue viſible to the eye at O, through 
the ſmall aperture 'AB, while the center of the lens 1s moved through- 
out the whole ſpace A. But the point P, ſeen through the convex 
lenſes, fig. 81, 82, continues viſible through the large aperture AB, 
only while the center of the lens moves through the ſmall ſpace A a: 
And in the figures laſt referred to; the field of viſion through the 
given aperture AB, is only about half the breadth of what it would be 
through the ſame aperture, if the lens was taken away. And hence 
it is, that an object continues viſible through a concave lens, while 
either the lens or the eye is moved ſide ways conſiderably, or whilſt 
the axis of the lens is conſiderably inclined : And this motion may be 
continued much longer before the object is loſt, than it could if the 
lens be removed whilſt the ſame aperture remained. And the contrary 
happens in looking through a convex lens. 


PR O-P. XXXV. 
To find the focal lengths of lenſes by experiments. 


This propoſition may be ſolved by different methods, as followeth, 


356. The focal length of a pretty broad glaſs lens, may be ob- By the thick. 
tained near enough for ſome purpoſes, thus: Meaſure exactly the —_O 
thickneſs of the lens in the middle and at the edge, and alſo its breadth ; te lens. 


then it will be, 


a As the difference of the above thickneſſes, is to half the breadth; * ſo» 202, 1, 
; 7s half the breadth, to the focal length required. 
D 


By a proper gage made for the purpoſe, the thickneſs of a lens 
may be obtained to the 500th part of an inch; and its breadth might 


: be alſo meaſured to a tolerable exactneſs. But leſt the figure of the 
3 lens ſhould be faulty near the edge, the thickneſs ſhould be taken 
6 at ſome diſtance therefrom, and alſo in two places diametrically op- 
| poſite; halt the ſum of theſe two thickneſſes is to be deemed the 
A thickneſs at the points where they were taken, and the diſtance be- 


twixt theſe points is to be reckoned the breadth of the lens. By 
this method, an eſtimate may be made how the lens is centered, and 


whereabouts is its vertex; and it may be uſeful on ſome occaſions, as 
K k 2 it 
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it may always be put in practice: But if great exactneſs be required, 
this method is not to be depended upon ; becauſe a ſmall error in the 
data, may produce a great one in the focal length. 


By having the 357. If we have the radii of the fides of the lens given; its focal 
ga, length may be found by the rules prop. XXIV. or prop. XXV. of 
| Book I. according as the lens has one fide plane or both ſpherical ; 
remembring for m, n, if the lens is of glaſs, to uſe the numbers 31, 

20, or * 17,41, as being more exact than the numbers 3, 2, But this | 

method in practice is very precarious, as it is difficult to find the | 

radii of the fides of the lens to a ſufficient exactneſs: And even the 

focal lengths of two lenſes formed by the fame tools, will be different; ] 

ſo that the workmen themſelves before trial, do not know the exact 

focal lengths of their lenſes, though they know to what ſpheres their 

tools were formed. In practice therefore, we need only uſe the fol- { 

a 

\ 

v 


lowing rule, according as the centers of the ſides are on different ſides, 
or on the ſame ſide of the lens; 


As the ſum or difference of the radi of the ſides, is to one of tbem; 


* 192. IJ. % is double the other, to the fecal diſtance from the lens. , 
If the curvities of each fide is the fame, the radius of that curvity 8 
may be deemed the focal length. And if one ſide of the lens is plane, Ie 

179. I. the focal length may be reckoned equal © to twice the radius of the 8 

ſpherical ſide. tl 
The focal length of a convex lens may be alſo found by the fob tc 
lowing methods. * 

Focos of a 358. Let the room be darkened ſo that no light comes into it, ex- p- 

— cepting through a hole in one of the window-ſhutters : The lens be- 

— ing placed againft and cloſe to this hole, move a white paper behind 3 

dark room of it, till the picture of a particular object, directly facing the lens, ap- je 

Sen object. pears moſt diſtinct, and there fix the paper; then meaſuring the di- di 

ſtances betwixt the paper and the object each from the lens, there will dc 
be a ſufficient data for finding the focal length. required. 

Fig. 8 Let QP be the object without doors, A the lens in the window- il 
g. 83. ſhutter, gp the place of the paper where the image of QP is di- pl. 
ſtincteſt, and QA 9g the axis of the lens. Having meaſured the diſtances th 

22. I. QA, 9A, it will be, Qq: QA: QA: QF; and QA—QE=AF | let 

the focal length required . 2 
359. 
* If theſe numbers be admitted, a double + The diſtance betwixt a fixed object with- cot 


convex or Concave lens, whoſe thickneſs is in- out doors and the window-ſhutter, being once 
conſiderable and whoſe ſides have equal curvi- accurately meaſured ; the focal lengths of other 
ties, Will have its focal length to the radius of lenſes may be afterwards found with little trou- | 
its curyity as 11 to 123 as will appear by apply- ble, unleſs A ? be greater than the breadth of. the 
ing the rule 185. I. t being neglected. the room. | brig 


Sect. IV. OF OP TF-I CS. 


233 


359. Schol. 1. In ſtrictneſs the focal length of any lens, is the di- 215, I. 


ſtance from its principal focus to the reſpective focal center. And in 


the example above, the diſtances betwixt the focal centers of the lens, 226. I. 


ſhould have been * ſubtracted from Qq; and for QA, we ſhould have 
taken the diſtance from Q to the neareſt focal center. But in theſe 
ſort of experiments, thoſe niceties would be ſuperfluous. 


360. Schol. 2. In the above experiment, there will be a certain part 
of the axis, extending on each fide the geometrical focus , within 
which where-ever the paper is placed, the picture as to ſenſe will 
be equally diſtinct. Having found nearly the place of ; move the 
paper from thence both ways along the axis, till an indiſtinctneſs be- 
gins to be perceptible in a particular ſmall part of the picture; and 
having noted theſe two places, the middle point between them may 


be taken for the focus 9. In making this experiment with lenſes of 


about 12 foot, 8 foot, and 4 + foot fecus, the lengths of the axis 
within which the picture of a remote object appeared equally diſtin, 
were reſpectively about || 6 or 8 inches, 3 or 4 inches, and 1 or 14 
inch. I could not determine the focal length of the flatteſt lens, or 
that having the longeſt focal length, to leſs than about 2 or 3 inches; 
the next I could define its focus within about an inch; and the focal 
length of the deepeſt lens, or that having the ſhorteſt focal length, I 
could aſcertain to leſs than half an inch. The apertures of each of 
theſe lenſes was about 1+ inch; and this being ſo ſmall in proportion 
to the focal lengths of the two flatteſt lenſes, is a reaſon why, by this 
experiment, their focal lengths could not be aſcertained ſo near in 
proportion, as that of the deepeſt lens. 

361. Schol. 3. If the focal length of the lens does not exceed 2 or 
3 feet, it may be found without darkening the room, by holding the 
lens at ſuch a diſtance off, that the image of the window-ſaſh may be 


diſtinct upon the oppoſite wainſcot ; then computing as above, the win- 


dow-ſaſh being now the object. 

And for common purpoſes ; when the focal length of a lens is but 
| ſhort, this length may be reckoned the diſtance from the lens, to the 
place where the image of a remote object appears diſtincteſt. For, it 
the object be diſtant from the lens a 100 or 1000 times the focal 


length; the image will be beyond the principal focus, only the * 100th * 227. J. 


or 1000th part of that focal length. 


362. The focal length of a lens may be found, and that without Focal length 
computation, by mak ing the flame of a candle the object, thus: Move mo . 


| the candle, with- 
Theſe meaſures will be variable, in uſing of the room. Alſo there will be a difference, out computa- 


the ſame lens and object, according to different if the fame lens be uſed with different apertures, don. 


brightneſs of the object, and different darkneſs the other circumſtances being alike. 


By the fun's 
zmage. 


Fig. 92. 
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the lens or the candle, and the paper for receiving its image, ſo, that, 
when the image is dittinCteſt, the lens be exactly in the middle betwixt 
the other two; then half the diſtance betwixt the object or its image 
and the lens, is the focal length required. Thus, if Qq=2 AQ, 
AQ muſt be = 2AF. Or, if of the lens, the candle and paper for re- 
ceiving its image, any one be moved while the other two are fixed ; 
having mcatured the reſpective diſtances, the focal length of the lens 
may be found, as has been“ before ſhewed. Or, if a ſmall hole, of 
about a + or + of an inch broad, be made in the window-ſhutter of 
a darkened room, and s lens and a paper be held behind this hole at 
proper diſtances ; the place where the image of the hole is diſtincteſt, 


may be determined very critically ; and ſo the focal length of the lens 
may be found, as above. 


363. Place the lens fo that its axis may point, as near as may be, 
towards the ſun; then holaing a paper behind it, the burning point, 
or where the ſun's image is ſmalleſt, and where its limb appeurs di- 
ſtincteſt, is the focus of the lens. 

This method of finding the focus's of lenſes that are broad in pro- 
portion to their focal lengths, ſuch as common ſpectacles and reading- 
glaſſes, is ſufficiently accurate. But for lenſes having long focus's, un- 
leſs they are ſo long as to exhibit the ſolzr ſpots, the above method 
will not anſwer at any rate : For the ſun's image being only, as it 
were, a glare of light, without any diſtinguiſhable paris ; we can per- 
ceive no difference as to diſtinctneſs, even at the limb, while the paper 
is moved either way along the axis to conſiderable diſtances. And 
the different magnitudes of the white circle upon the paper, as it is 
moved along the axis, will not be ſufficient to determine the place of 
the focus: For if the lens be no broader than the ſun's imaye at the 
focus, the ſtream of light paſſing through it will be a cylinder ; and 
if the lens is not ſo broad as above, the magnitude of the white cir- 
cle will increaſe all the way, as the paper 1s moved farther from the 
lens. Theſe inconveniencies may be removed by the following me- 


thod. 


364. Let A be the given lens, whoſe axis is A h, and principal 
focus is v or the center of the circle 572; and let 5 v be the ſun's 
image, or let the - 5s An be equal to that ſubtended by the ſun's di- 


ameter. Let the lens be covered with thin paſt-board or opaque pa- 


per, in which are two round holes @, &, near the edge of the lens: 
Theſe holes ſhould be at the ſame diſtance from the edge, and in a 
line paſſing through the middle or the vertex of the lens, 
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The lens being thus covered, place it ſo that its axis may point 


directly towards the ſun; then through the holes 3, 6, there will 
Hue the ſtreams of light gan, sn; the rays belonging to the upper 
and lower limb of the tun, having their focz reſpectively at the points 
u, . Now if a paper be held behind the lens, theſe ſtreams of light 
will form two white ſpots or circles upon it, which gradually approach 
nearer together, as the paper is moved toward v; at a certain point 4 
their limbs will touch ; after this they will incroach one upon another, 
and the part common to each will be brighter than the reſt ; at « 
theſe circles will coincide; if the paper be moved farther, they will 
begin to ſeparate, and at / their limbs will juſt touch. But as it is 
difficult to determine preciſely, when the two circles are perfectly united; 
obſerve where their limbs are at a ſmall and equal diſtance aſunder, as 
at o and p; then biſecting op we ſhall have the focus v required. If 
that point be called x, where the lines da, hb a produced either way, 
as the caſe may require, would interſect ; it will be dv: V:: Xx q: x 
and ſo xd +> xb:xd:: db: dv. The holes a, &, ſhould be cloſe to 
the edge of that aperture which the lens is to have when applied to its 
uſe; and they ſhould be alto of a proper ſize ; not too ſmall, for then 
the white circles will be dark and ill defined; and to make them large 
would be diſadvantageous, as their centers muſt be nearer together. The 
experiment will ſucceed better, if the room be darkened. Inſtead of 
having the paper with the holes in it; the lens might be left open, 
and covered only with two round opaque circles : But the holes do 
better. 

By this method the focal length of a lens may be found, I think, 
more accurately than by either of the preceding ||. By making the 
experiment with the lenſes before mentioned of about 12, 8, and 44 
feet focal lengths; I could determine theſe lengths reſpectiveiy within 
about , +, +5 or 2 of an inch. The limits betwixt the places 
where I could perceive the images to ſeparate, were reſpectively about 
3 inches, 2 inches and 2 of an inch; and had the flatter lenſes been 
wider, theſe limits would have been more contracted. 

The focal length may be alſo found in the ſame manner, by ex- 
poſing the lens to the moon, and obſerving where its image is leaſt; 
or where the bright ſpots coalefce, if the lens is covered as above. 
But we cannot be ſo exact here as with the ſun, etpecially if the focal 

length 


+ The incident ravs Ka, &; and Ja, 15; Other methods for finding the focal lengths 
proceed reſpectively from the upper and lower of the object. glaſtes, of teletcopes, and of mi- 
limbs of the ſun; 14, /b, being parallel to As, croſcopic lentes, will be ſhewcd in the nest 
and fa, &b to Ax. book. 
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An apparatus 
| | for holding 
the lens. 


Fig. 93. 
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length exceeds two or three feet; and if the lens be covered the holes 
muſt be large. 


365. In making the above experiments ; the lens and the paper for 
receiving the images, ſhould have proper ſupports; ſo that they may 
remain fixed at any given ſtation, while the reſpective diſtances are 
meaſured. 

The annexed figure repreſents an apparatus, I made uſe of, for hold- 
ing lenſes of various fizes. A is the pillar of a wooden candleſtick, 
on which ſlides the wooden bar cd, which may be ſtayed at any 
height by means either of a ſpring or a wooden wedge at c, bearing 


againſt the pillar. The lens is to be placed between the upright and 


wooden pieces a, þ; the piece & being moveable on c d, till it touches 
the edge of the lens. The fore and inſide parts of a, &, and alſo the 
upper ſurface of c d, have narrow and thin ledges for the lens to bear 
againſt; and for confining it on the other ſide, are ſlips of wood ſlid- 
ing on the infide ſurfaces of a, ö. Theſe ſlips have a motion of about 
half an inch, on account of receiving a thick lens, or a lens in its cell; 
and they are confined at proper places, by a ſcrew in each going 
through flits made acroſs in a, &, and having a nut bearing againſt the 
out-ſide of the ſaid pieces 4, 6. This little apparatus I had made fo 
as to hold any lens not wider than fix inches: And that the lens might 
be ſo placed as directly to face any object, or that its axis might have 
any elevation ; the bar cd turns ſtifly in a round hole made in the 
ſocket ſliding on the pillar A; and as a guide to point it aright, there 
is a ſhort index fixed to the top of the immoveable piece a, having 
on it two ſights to guide the ęye, or to let the ſun ſhine through. 
An + ox-eye fixed to a window looking eaſterly or weſterly, ſo as it 
may face the ſun when he is low, will be very convenient for finding 
the focal lengths of ſuch lenſes as may be readily ſcrewed to it. Or 
a ſhort tube faſtened to the window, and having without a || plane ſpe- 
culum which may be ſo inclined as to reflect the ſun's rays directly 
upon the lens, will do ſtil] better. | 

The paper for receiving the light ſhould be parallel to the lens ; and 


how to ſupport it in this manner, there may be different methods, 
which it would be needleſs to deſcribe 7. 


To 


+ See 297. of this. not exc2eJing two feet. Within about eight 

|| See the deſcription of the ſolar microſcope inches of one end of a ſtrait wooden bar 32 
in the next book. inches long, was fixed acroſs a ſhort bar, havin 

J Having miſlaid the above deſcribed ap- fliding checks, Sc. for confining lenſes of dit- 
paratus, I have ſince got made a more conve- ferent ſizes, like cd, a, 6, before deſcribed. 
nient one for finding the focal lengths of lenſes The long cnd of the bar had a groove in it, 


3 
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To find the focal length of a concave lens. 


366. Let the lens be covered with paper having in it two ſmall Fig. 93. 
circular holes, as at O, v; and on the paper for receiving the light, 
deſcribe two ſmall circles as a, 6, whoſe centers let be at twice the di- 
” ſtance aſunder of the centers of O, v; and it will be beſt if their di- 
ameters are alſo double thoſe of O, v. Then moving the paper to or 
fro, till the middle of the ſun's light coming through the holes O, v, 
falls exactly on the middle of the circles a, 5; that diſtance of the 
paper from the lens will be the focal length required. For it is ma- 
niteſt that a6 : Ov:: aF : OF: Or whatever is the diſtance of a, 6, it 
will be, 45 — Ov: 4O :: OV: OF, the focal length of the lens. In- 
wy of the paper with the holes, ſmall patches may be ſtuck on 

the lens. 


367. The focus may be alſo found by candle-light, thus: Let Q Focus found 
be the place of the flame; c, d, the bright ſpots upon the paper, and 1 
the point where the lines vd. Oc produced backwards would inter- 
ſe. To find the point 9, it will be c - Ov: Ov :: Oc: Og. 
Then Qq: QO:: QO: Qa, and O2 is the focal length required. 225. J. 


368. The focal length of a concave lens may be readily found, by By joining 
joining it to a convex one having a ſhorter focus. pda pea 
Let g be the image of any object formed by the convex lens A, of a deeper 

fixed at A; and let Q be the image of the ſame object, when the ſocus. 
concave lens O is joined to A. Having meaſured the diſtances Q 4, Fig. 95; 
9O; to find the focal length OF of the concave lens, it will be, as in the 


preceding, Qq: QO:: QO: QF; then QF —QO= OF. WE. I. 


8. 3. Of viſion when the object or the eye or both, are in a 
medium denſer than air. 


| 369. The appearances of objects placed in a denſe medium, whoſe 
| re fracting ſurface is plane, to a ſpectator in the common medium of 
| air, 

in which was a ſlider divided into inches and was fixed occaſionally a piece at right- angles, 
t parts; over both theſe was an upright piece which by moving the ſlider would touch the 
which moved the whole length, and which thickeſt part of the lens, and then the diviſions 

| might be readily fixed in any place. Ihe fide cut by the paper would ſhew the diitance be- 
of this piece facing the lens was covered with tween them. This apparatus was fixed occa- 
white paper, for receiving the ſun's image; and fionally to tlie top of a ſtand for carrying a ſmall 
for meaſuring the exact diſtance between the reflecting tel-{cope, by which it might be ele- 
paper and the lens, at one end of the long ſlider vated to any angle. 


LI 


258 


» 144. I. 


A TREATISE Boox IT. 


air, may be eaſily underſtood froni prop. V. and its coroll. of Book I. 


And I think the phenomena agree in all caſes with the theory, as it 
has been there explained. 


PROP. XXXVL 


370. To explain the phenomena of viſion of ebjetts placed in @ ſpheri- 
cal denſe medium, to a ſpectator in the medium of air. 


Phnom, Objects placed in ſuch a medium to a ſpectator without, 
appear magnified, and that in different degrees according to their di- 
{tances from that part of the ſurface which is next the eye; thoſe 
that are in contact to that point of the ſurface not being magnified at 
all, whilſt at all other places they will be magnified, and that more. 
and more the farther they are from the ſaid point of the ſurface ; ſo 
that when an object is in contact with the remoteſt point of the ſur- 
face from the eye, it is magnified molt of all. 

Let AD O be the ſection of a refracting ſphere whoſe center is O; 
as for inſtance, the ſection of a decanter of water; the ſpectator being 
on the ſide A, and ſomewhere in the axis A. Let F be the focus of 
rays, coming from without parallel to the axis f OF, after their refrac- 
tion near A; or F the focus of thoſe rays ſuppoſing the medium con- 
tinued beyond F; and f the focus of rays within the ſphere parallet 
to the axis DOA, after their emerſion near A. And let QI, Q2, O3, 
Q4, Qs, Doe, be the diameter of an object, or the diameters of as 
many equal and ſimilar objects, ſituated at theſe reſpective places. Now 
to find the points ꝙ of the reſpective images q 1, 942, O3, 94, 95, 96; 
it will be, QF: OF :: AQ: Ag, Having thus found the reſpective 
points ; through the extreams 1, 2, &c. of the objects 1, Q 2, &c. 
draw the ſtrait lines Or, O 2, Sc. and produce them till they meet 
71, 2, Sc. drawn parallel to the reſpective objects; and 91, q2, Cc. 
will be the geometrical images of the ſaid objects, or of their diame- 
ters. Or in this caſe, becauſe the objects are all equal and contained 
between the parallel lines AD, dv; their images, if we neglect the 
aberrations of the refracted rays, will be contained between the axis: 


* Conſt. f AF, and the line fd produced, as to 6. For f is the © focus of a ray. 


vd coming to d parallel to the axis; and ſo the rays coming to d from 
the extreams. 1, 2, Fc. of the ſeveral objects will be all retracted into 
df; whence the extreams 1, 2, Fc. of all the images are in the line 


d produced. 


Hence when Q is in A, or the object is in Ad; ꝙ is alſo in A, or the 
image is equal and coincident with the object. But as the object is 
* removed. 
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removed from A towards D v, its image increaſes, and that more and 
more as it advances towards D; the image being greateſt of all when 
the object is in Dv. All which are exactly agreeable to the pheno- 
mena. 2. E. D]. 


371. Corol. 1. The refracting ſurface Ad remaining the ſame if 
the medium be indefinitely continued on the oppoſite part, the images 
will ſtill increaſe in magnitude as the object advances farther from A, 
until it has got to F. If the object be placed beyond F, viſion will 
be indiſtinct; becauſe then the refracted rays will enter the eye, placed 
near to A, converging. 


372. Corol. 2. The denſer is the medium, the more it magnifies 
objects placed within it: For then the leſs is the focal diſtance Af; 
and conſequently the diameter of the object = Ad remaining the ſame, 
the greater is the angle Af d. 


373. Schol. 1. Whilſt the object is between A and the center O, 
the image is nearer to A than the object; at O they both coincide, and 
the image is farther when the object is beyond O. And this is exactly 
agreeable to the phenomena ; the ſemi-diameter OA next the eye, ap- 
pearing much ſhorter than the ſemi-diameter OD, which ſeems ex- 
tended as far as the line 6. By covering the bottom of a decanter of 
water with ſmall objects, as peas, &c. the phenomena here explained 
will be very remarkable, and quite agreeable to the above theory, | 
if the eye is nearly in the ſame plane with the objects. But if the 
eye is much above that plane, ſo that the remoter objects are ſeen 
through the belly of the decanter, whilſt the nearer ones are ſeen 
through a ſmaller ſegment ; the remoter objects will appear accordingly 
ſo much the more remote: For OD, De are in a conſtant ratio ; that 
is, the greater is OD, the greater alſo in proportion will be D e, | 


374. Schol. 2. The images of a given ſmall object placed at the All ſpheres oF 
centers, or at like diſtances in proportion to the radii from the re- de fame me- 
fraQting ſurfaces, of any ſpheres made of the ſame medium, are equal. «if objects 

Let O be the common center of the ſpherical refracting ſurfaces 133 
AD, ad, and F, F their principal foci; and let Oy, the breadth of breadths, 
the given object placed any where between the parallel lines AB, DC, equally. 
be ſo ſmall, as not to differ ſenſibly from the tangents of the arches Fig. 97. 
AD, ad: I fay the images formed by the refracting ſurfaces AD, ad © 
will be equal, if the diſtance of the obje& in each ſphere from the 
reſpective ſurfaces AD, ad, be as the radii OA, Oa, 


L1 2 Through 


The lines Oab, QB, qB& are for illu- of the figures referred to in that propoſition, 
ſtrating the theory according to Prop. XXI. but nevertheleſs falling under the ſame rules. 
Book J. This being a different caſe, from eicher 
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| Through the reſpective points D, d, draw the lines FDH, dh; 4 
and where- ever the objects are placed in the reſpective ſpheres, their 
images will be contained between the lines FG, FH, and fg, Yb. 

Let the object placed within the ſphere ABO be called X, and its 
image x; and the object within the lefſer ſphere a5 O be called V, 

and its image y. Now becauſe, 
* Hypoth. FX: OF (::*fY : Of) :: AX: Ax (: : Y: ay), it will be, 
144. J. Ax: ay :: AX: V:: FA: Va (:: Ax FA: ay+fa) :: Fx: fy. But, 
e 4. VI. Ex. FA: Fx :: AD: &; and fa: y :: ad: y; and becauſe, 
FA: F:: Fa : fy; it will be AD: x:: ad: y. But AD ad, 
and therefore x 2 y. 2. E. D. 
Thus, if the ſmall object be at the center, as Oy, its image in each 
ſphere will be Ox; and if it be at the peripheries bc, BC, its 
images will be g = GH, | 
375. Schol. 3. When the object is ſo large, that the verſed fine av 
has a ſenſible magnitude; the image formed by the refraction of the | 
lefſer ſphere, will be leſs than that formed by the greater ſphere. | 
For ſuppoſing the object Oy to be at the center, for inſtance ; it will be, 
fv: O:; vd: Ox; and therefore the greater is the ratio of fv to 
/ O, the greater will be the ratio of Oy toOx. And hence, equal 
objects having ſenſible magnitudes, appear ſomewhat more magnified _ 
the larger is the ſphere, Add to this, that the greater obſcurity of the 
thicker medium, may ſomewhat enlarge the apparent diſtance of the 
image; and this will proportionably increaſe the apparent magnitude. 


376. Corel, And hence, from theſe two cauſes conſpiring together; 
the ſmall bores of capillary tubes, or ſuch as are uſed for mercu- 
rial thermometers, appear bigger in proportion the thicker are the 
tubes. 


377. Schol. 4. A broad ruler with parallel ſides placed upright in 
the middle of a conical veſſel, as a glaſs of water, will at firſt ſight ap- 
pear broadeſt where the glaſs is narroweſt. This deception is chiefly 
owing, to the breadth of the ruler being referred to that of the glaſs; 
the diſtance that is obſerved between them, being partly attributed to 
the figure of each. But holding the glaſs even with the eye, and look- 
ing attentively, the apparent taperneſs of the ruler will ſoon vaniſh. 


c 
0 
Fig. 95. 373. Schol. 5. The greateſt proportion that the breadth of the . [ 
image of an object placed within a ſphere of water, can bear to the 1 0 
breadth of the object, is that of 2 to 1. For the image is greateſt, i 

when the object is at the remoteſt ſurface BC. Let K be the prin- v 


cipal focus of rays coming from without upon the ſurface AD; and 


A »—= — ru — 0 — 


Stet. IV. OF OPTICS. 261 


it will be, AB: AG:: fKB: KO::*2: 3 ::*AB: AF. Wherefore 144. I. 
FA:FG:1:2: AD: GH, But at firſt fight one is apt to ima- * Conſt. 
gine that the diameter of a round object, as a pea, is magnified much 
more than in the above proportion. We ſee that the whole bulk is 
greatly ſwelled ; the apparent magnitude in this caſe, being not much 
leſs, than as the cube of the diameter, as on account of the diſtance 
between our two eyes, we fee at once more than half the pea; and 
by ſo much as is ſeen, the idea of the inviſible part is readily ſug- 
geſted. And hence, the bulk and diameter are ſuppoſed at random, 
to be magnified in near the ſame proportion, We commit the ſame 
miſtakes in naked viſion, the reaſon indeed in both caſes being the 
very ſame. But if we attentively compare the breadth of the mag- 
nified pea, with the extent of two contiguous peas ſeen by naked viſion, 
we ſhall ſoon rectify our former miſtake. 

If the refracting ſphere is ſolid glaſs, then GH: AD :: 3: 1. 

If the object be at the center of a ſphere of water, its diameter will 
be to that of its image as 3 to 4; and if the ſphere is ſolid glaſs, the 
proportion between them will be as 2 to z. 


379. To a ſpectator in a denſe medium, as for inſtance in water, Viſion in a 

all objects within that medium will be confuſed ; and the confuſion gente me: 
. . lum con- 

may be fo great, that one object cannot be diſcerned from another, as fuſed. 
in the caſe of a very flat eye that cannot diſcern any thing without 
ſpectacles, The caſe will be much the ſame, if the objects are with- 
out that medium, if its refracting ſurface is flat, as that of ſmooth 
water. | 

The reaſon of which is, that the refraction between the denſe me- 
dium, and the cornea and the aqueous humour, is leſs than between 
air and the cornea ; and ſo the rays not converging enough at their en- 
trance into the chryſtaline humour, are not united upon the retina, 
but have their focus's beyond it. If the refractive power of the denſe 
medium, is equal or greater than that of the cornea and aqueous hu- 
mour ; the ravs will accordingly proceed to the chryſtaline humour 


either unrefracted or more diverging, 


380. The beſt way for divers is to ſuit themſelves with glaſſes by 
experiment; for according as they are /ong, common, or ſbort- ſighted; 
or as the refractive power of their + cornea may be greater or leſs in 
proportion to that of their chryſtaline humour, they will require glaſſes 
of greater or leſs convexities, But, if the focal length of the cornea 
in our natural element, air, is known; a lens which will reſtore diſtinct 
viſion in a given medium, may be found by the following prop. 


PR OP.. 


+ By the refractive power of the cornea, is properly meant that of the aqueous humour behind 1; 
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NOF. n. 
38 1. The fecal length of a lens in one medium, being given; to find 


its focal length in any other given medium. 


Let the medium whereof the lens is made, be called G, one of the 
mediums wherein it is placed A, and the other medium W. Let the 
greater and leſſer of the fines of incidence and refraction between G 
and A, be reſpectively 2 and ; and between G and W, M and N; 
and the focal length of the lens in A be , and in W =F. And 


it will be, F: F:: — nearly, 


m—n NN 
1. Let the lens be a plano-convex, with its plane fide to the inci- 
dent rays; Oà the radius of its convexity, af its focal length in the 
medium A, fig. 98; and aF its focal length in the medium W; to find 
which in the reſpective mediums, it will be accurately: 
Oa:af::*m—n:n; and Oa:aF::*M—N : N; whence 


O | 
af=—=; and aF= N; and therefore, 


m—x M—N ? 
af:aF: —: IG Q. E. D. 


If the lens be reverſed, its focal length in each medium will be 
ſtill the ſame, * reckoning that length the diſtance between the focus, 
and the neareſt focal center of the lens. 

And in all lenſes, whoſe ſides are both ſpherical, if we negle& 
their thickneſſes as inconſiderable, it will be, 


F: F:: —: NN. Therefore, Cc. 2. E. D. 


382. Corol. Hence if the lens is glaſs; the medium A is air, and 
the medium W is water; it will be /: F:: 1: 4. 

For M— : n:: 1: 2; and M—N: N:: 1: 8; whence, 
— t 4335: 2:8) 513 4. 

383. Schol. 1. Any lens being given ; we may find another lens which 
being joined to the former, both together ſhall have a given focal length 
in any given medium. 

Let AF be the focal length required of the two combined lenſes, in the 
given medium. 1. Find * the focal length of the given lens in the given 
medium W; if the lens has no + focus, that is, if it tranſmits the rays 


unrefracted ; then it is manifeſt that aF is the focal length of 4 
ens 


+ This cannot happen but when the medium medium W ; as is ſuppoſed to be caſe of the 
of the lens has the 4 


refractive power as the aqueous humour of the eye and common water. 


—_—_— c Ak. +, ace af: Dos 


ow 05 —8 - ry — 


£? £3. 
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lens required in this medium, whence its focal length in air is "_” 381. II. 
found. 
If the given lens has a real focus, as g; then ſay, 
gF: ga :: ga: gG; or if its focus is G, that is, if it tranſmits pa- 
rallel rays diverging as from G; it will be, GF: Ga:: G4: GH; 227. J. 
and aG or 4 H will be accordingly, the focal length in the medium 
W of the lens required. Whence in all caſes, its focal length in 
air may be found. 


384. Scbol. 2. Hence having the focal length of the cornea in air, A proper lens 
we may alſo have its focal length in any other given medium; and fo, “et. 
from the preceding, ſuit ourſelves with a lens that will reſtore diſtinct 
viſion in that medium. 

Thus, if the focal length of the cornea in air is = 4 F, and its re- 
fractive power be the ſame with that of water; a lens that will pro- 
cure diſtinct viſion in water, will have its focal length therein =aF; 
and if the lens is glaſs, its focal length in air will be =* + AF. If * 382. II. 
the focus of the cornea a, when under water be g, or G; the focal 
length in water of a lens that will reſtore diſtinct viſion, will be ac- 
cordingly a G, or a H. 


385. Schol. 4. If the cornea be not concerned in the change made 
in the eye, for procuring diſtinct viſion at different diſtances ; the lens 
above found will enable the eye to ſee diſtinctly in water, at all ſuch 
diſtances as it can in air : But if the cornea 1s concerned in that change 
of configuration of the eye, as moiſt probably it is; the. latitude of 
diſtinct. viſion through the above lens in the denſe medium, will not 
be ſo extenſive as it is to the naked eye in air. 


386. Schal. 4. Hence again, if a perſon under water had ſufficient 
light, and was exactly fitted with a lens for ſeeing an object at a. 
given diſtance diſtinctly; we might from thence find pretty nearly 
the focal length of the cornea in air: And if the faid perſon could 
alſo determine, how. much farther and nearer than the faid given di- 
{tance, he could alto ſee diſtinctly ; we might alſo. make an eſtimate 
of: the ſhare, which the cornea has in the change of configuration of 
the eye. But the want cf light, and of ability of ſtaying at eate 
any time under water, are difficulties that would render very precari— 
ous, the concluſions drawn from the abſervations of a.perton under 
theſe circumſtances. 


A TREATISE Book II. 


$. 4. Of camera-obſcura's. 


The theory in general of the camera-ob/cura has been already ex- 
plained in Book I. art. 243 to 246. I am here to add ſome farther 


particulars, not there taken notice of, with a deſcription of different 
contrivances for forming the dark chamber. 


387. The pictures exhibited in the camera-obſcura are very enter- 
taining ; eſpecially if they repreſent objects in motion, as carriages 
either by land or water, people walking, the wafting of the boughs 
and leaves of trees, &c. And it all circumſtances are favourable ; the 
pictures ſeem to appear more lively and diſtinct, than the objects do to 
a naked eye looking at them, from the place where the lens for form- 
ing theſe pictures or images was fixed, For, the picture being dimi- 
niſhed, the rays forming it are condenſed; and ſo the colours, ſhades, 
Sc. are proportionally brighter and more vivid. The picture being 
alſo a near object, is ſeen free from that faint hue wherewith objects 
without doors are commonly tinged ; thoſe rays that occaſion theſe ap- 
pearances, being as it were abſorbed in the picture, or becoming too 
teeble, after they are there diſperſed, to be perceived, 


Objects ata 388. All other circumſtances being alike, the pictures of objects 
moderate di- 


ee that are near, as within 5, 10, or 20 yards, appear more vivid than 
the beſt pic- thoſe of objects that are more remote. And univerſally, the pictures 


ture. will be more diſtinct and pleaſant, when the objects are at ſuch mo- 
derate diſtances in proportion to the focal length of the lens, as to ex- 
hibit ſmall parts, as the features of a perſon's face, the bricks and 
tyles of houſes, &c. If the light without is favourable, and the ſpec- 
tator has been ſome time in the dark; it is ſurprizing how diſtinct 
and bold the pictures of ſmall objects will appear, that are diminiſhed 
at leaſt 20 or 3o times; and a perſon may be known, when his fea- 
tures are no bigger than in that proportion. The lights, ſhades and 
tints being here exquiſitely delicate and perfectly juſt, at the ſame 
time, that the picture is diminiſhed ; the re/zevo's of objects are ſur- 
prizingly bold, and when the natural ones are but moderate, thoſe in 
the picture ſeem to come up to the real ſize. A diſtant proſpect ap- 
pears perfect enough, though it does not make ſo entertaining a picture. 


1 389. The room wherein the picture is formed ſhould be as dark 
mould be as as poſſible; that is, all light ſhould be excluded from it but what 
3 as off Comes thro' the lens; for in proportion as the field about is darker, the 

objects will appear brighter, as the ſtars do in a dark night. And for 


this purpoſe, the lens, beſides having its aperture properly limited, 
ſhould 
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ſhould have a ſhort tube before it, ſuch as will exclude all light but 

what is contained in the field intended to be taken into the picture. 

. This tube ſhould be black on the inſide; and it would do ſo much 

. the better, if the whole inſide of the dark room was alſo black Te 
ſpectator himſelf, at leaſt whilſt he looks at the picture, ſhould be 

13 alſo in the dark; for by this means, the pupils of his eyes will en- 

35 large, and as they do enlarge, the apparent brightneſs of the picture 

will increaſe, and being alſo free from extraneous light, the impreſſions 

upon the retina's will be the more vivid and ſenſible. 


| 390. The objects ſhould be alſo well enlightened ; otherwiſe, not- And the ob- 
withſtanding all the above requiſites have been taken care of, if the feu! 8 
weather is dark, or the objects are in the ſhade, the picture will be : 
obſcure, dull, and no ways agreeable. This phenomenon therefore of 
the camera-obſcura, ſhould never be attempted but in a clear day; and 
it 1s beſt of all when the ſun ſhines upon ho objects from the oppoſite 
coaſt ; that is, if the proſpect is weſtern, the phenomena will be beſt 
in the morning or forenoon ; if eaſtern, in the afternoon ; if northern, 
about noon. A ſouthern aſpect is the worſt of any for the camera- 
obſcura, becauſe the ſun is never oppoſite to it; and in this caſe, the 
experiment will ſucceed beſt either betimes in the morning, or late in 
the evening; that is, when the ſun ſhines moſt directly upon the ob- 
jets. In all caſes, a great deal of light is ſtopped by lenſes, as is 
manifeſt from the vividneſs of the images of objects ſeen in them by 
reflection: And in the preſent caſe, the light impinging upon the 
paper, or whatever the obſtacle be at which the picture is formed, is 
there diſperſed, ſo as to be much rarified before it comes to the eye. 
And hence it is, that the chamber requires to be very dark, and the 
objects well illuminated. 


391. The lens, uſed for this purpoſe, ſhould have a proper aper- Proper aper- 
ture. If the aperture be too ſmall, the picture will be dark and ob- (res of lentes 
ſcure, and upon that account indiſtint and unpleaſant ; and if it wet Dong 
be too large, the picture will be indiſtin& on account of the aber- 
rations of the extream rays, and alſo becauſe the room will be too 
much enlightened by adventitious light entering into it ; and this laſt 
cauſe has no ſmall ſhare in marring the pictures, as it proportionably 
renders them more obſcure : But when the aperture of the lens is 
moderate, the vitious rays on account of the aberrations are, in the 
preſent caſe, at their entrance into the eye very dilute and rare, and 
therefore ſcarce ſenſible. But the apertures here will admit of ſome 
latitude ; and they may be a little narrower or wider, according as the 
objects are more or leſs illuminated; and according as they are nearer 
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or farther, It is beſt therefore to leave the aperture of the lens, juſt 
wide enough for the darkeſt weather it.is to be uſed in, and to have 
a-narrow ring to clap on occaſionally. 

By making obſervations as carefully as I could, in a pretty clear 
day, the objects being at about 150 yards diſtance, and the ſun ſhin- 
ing obliquely upon them : A lens of 18 inches focal length, I thought 
did beſt with an aperture of about 1 inch or 1+ inch in diameter, ac- 
cording as the weather varied ; and the weather being overcaſt, an 
aperture of 1+ inch ſeemed to do better than a leſs: And had the ob- 
jets been nearer with the ſun bright upon them, I doubt not but that 
an aperture of ſomewhat leſs than an inch would have been beſt. This 
lens when open was 2+ inches wide, and it ſeemed then to form a 
picture pretty diſtin ; but on clapping to it a ring having a proper 
aperture, the difference was very conſiderable. The ſun ſhining upon 
the objects; a lens whoſe focal length was about 30 inches, required 
an aperture at the leaſt of 1+ inch; and it would bear at moſt, one 
of about 1+ inch. The picture was thrown into a. box placed in a 
light room; but had the room itſelf been dark, thoſe apertures would 
have bore, and even required to have been, conſiderably leſs. In this 
laſt cafe, an aperture of 1+ inch ſeemed to ſuit very well with a lens 
of eight foot focus. | | 

From theſe obſervations, an eſtimate might be made of the proper 
aperture of a given lens, the object being under given circumſtances. 
But as the focal lengths of the lenſes are increaſed, there will be no 
great nicety required in ſettling theſe apertures; only I think they 


ſhould not be taken much wider, if any, than in the ſubduplicate pro- 


portion of thoſe lengths : And let us do what we can, the apparent 
brightneſs of the picture will decreaſe nearly, as the ſquare of the 
focal length of the lens is increaſed. For this apparent brightneſs will 
be nearly, as the denſity of the light in the picture, divided by the 
denſity of the adventitious light in the room. And whatever is the fo- 
cal length of the lens, the denſity of the adventitious light in the 


toom, will be nearly as the ſquate of the linear aperture of the lens; 


and to preſerve the ſame denſity of the light in the picture, the linear 
aperture muſt be as the focal length of the ſame lens. Wherefore, if 
the ſame aperture be retained, that is, if the adventitious light in the 
room remains the ſame ; the apparent brightneſs of the picture, which 
in this caſe is as the denſity of the rays that form it, will be reci— 
procally as the ſquare of the focal length of the lens: The apparent 
brizhtneſs of the picture will be alto in the faid proportion, if the 
denſity of the light upon it be preſerved the ſame ; that is, . the 

inear 
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linear aperture of the lens be taken as its focal length ; for in this 
caſe, the adventitious light will be directly as the ſquare of the focal 
length. And in ſettling the linear apertures of different lenſes, we 
ſhall not much mend the matter, by taking any proportion between 
the ſimple and ſubduplicate of their focal lengths ; the apparent bright- 
neſs being here, I think, the chief thing to be regarded, the aber- 
rations not being ſenſible ; and this brightneſs, as near as I could eſti- 
mate, is nearly in the propoction above aſſigned. 


392. And hence, without ſome method of “ preventing the adventi- Limit of the 


tious light, from diminiſhing in ſo great a degree the apparent bright- 


ture be received upon paper, a lens of about 8 foot focus, I take upon 
the whole to be preferable to one that is longer ; this will repreſent 
objects in a landſkip, larger than we commonly ſee them in pictures; and 
the picture will be much brighter, diſtincter and pleaſanter, than if the 
lens had been flatter. A lens of about 8 foot focus, in the preſent 
caſe, has manifeſtly a very conſiderable advantage above a lens of 12 
foot, and more ſtill proportionably above a lens of a longer focus. As 
we decreaſe in our focal length, the images will appear brighter, ſharper, 
and rather more diſtinct and pleaſant, till we come to a certain limit; 
after this, the picture will be leſs pleaſant and ſeemingly leſs diſtinct, 
becauſe we ſhall loſe ſome of the ſmaller parts of the objects. This 
limit as to the leaſt focal length, I do not take to be leſs than 2 or 3 
feet ; eſpecially if the picture be received upon paper within a room, 
for in that caſe, there will not be a convenient ſpace for the ſpectator to 
view it in, if the lens be ſhorter than as above. Upon the whole, I take 
it, that a lens from. about 4 to 6 or 8 foot focal length, is the beſt 
ſize of any for the camera-obſcura, But in ſome caſes, a lens of a 
yet, longer focus will do better ; and in ſome others we may deſcend 
to fo ſmall a length as 12 or 8 inches focus, and the picture will be 
pleaſant enough. 


393. In ſome caſes, the breadth of the picture may be about two- 
thirds of its diſtance from the lens, and even more if the paper for 


a field or angle of near forty degrees. But in moſt caſes when the 
field is ſo wide, the middle half of the picture will be diſtincter than 
towards the extreams ; and therefore generally it is beſt not to take 
in a larger angle than about 20 or 30 degrees. | 


M m 2 e 
* How this may be partly remedied will be ſeen a little farther on. 


, mm . of lenſes for 
neſs of the picture; we ſhall ſoon come to a limit, beyond which it the camera- 


would be uſeleſs to extend the focal lengths of our lenſes. If the pic- obſcura. 


Extent of the 
field that may 
be taken in 


receiving it be made a little concave ; that is, the picture may take in the pifure. | 
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394. If inſtead of the white paper or cloth for receiving the pic- 
ture, be placed a glaſs having both its ſides ground flat and parallel, 
and poliſhed only on one ſide; a ſpeCtator behind the glaſs will ſee 
the images vaſtly more vivid, diſtin& and bright, than by the reflec- 
tion from the paper. The rays of light in their paſſage through the 
rough ſurface of the glaſs, are there broke and diſperſed, after the ſame 
manner as they were by the paper, and ſo as to paint there as it were 
the images ot the objects from whence they came. But here the rays 
tranſmitted are not ſo much diſſipated, as they are by the reflection 


of an opaque ſurface ; and ſo the rays being denſer, the ſpectator be- 


hind receives a greater quantity in each pencil, than when he ſees the 
picture upon the paper *. In this caſe, the ſpectator is alſo leſs of- 
tended with extraneous light, and it would be eaſy to exclude from him 
all ſuch light, excepting what falls on the glaſs itſelf, and is tranſmitted 
through it; and hence, from theſe two concurring cauſes, we may 
have a good picture by a much ſhallower or a much deeper lens, than 
when the rays are reflected from the paper. 


395. It might be expected that if the flat glaſs be taken away, 
and a tranſparent one be placed in its room, or if nothing be placed 
there, we might yet ſee ſuch a picture as we did before. We ſhall 
indeed ſee a narrow image ſomewhere before us; but its true place 
will not be readily found; and when it is found, it will not be ſo 
well defined, diſtin& or bright, or ſo like a real object, as what we 
ſaw on the rough ſide of the glaſs or on the paper. In this latter 
caſe, the rays diverge to the eye from the rough ſurface as if that was 
an object, or a picture like what we ſee was painted upon it; and 
this ſurface being uniform and colourleſs, the rays coming to the eye 
ſtill retain the original colours, &c. of the objects. 

Thus, the rays PB, PA, PC; QB, QA, QC; RA, RB, RC; pro- 
ceeding from the extreams and middle of a remote object, are re- 
fracted by the convex lens BAC ſo as to unite in the reſpective fo- 
cuſes p, q, r. Now if the eye be placed behind the image pg r, as 
at O, it is manifeſt that only a very ſmall part of it can be ſeen at 
once ; and upon this account it will ſcarce have the reſemblance of a 
picture. But if the glaſs GK poliſhed on one fide be placed in the 
foct p, 9, r; the rays in the ſeveral pencils inſtead of proceeding di- 
rectly onwards, as reprefented at ↄ and r, will be inflected various 
ways, as repreſented at : So that the image q will be viſible on either 

{ide 


In conſequence, and as a fuller proof of move his head, ſo as to receive the rays in. a 
this, the ſpectator cannot ſee ſo much of the nearer direction to that which they had when 


picture at one view, as he could when it was they reached the glaſs. 
reflected from the paper; and here he muſt 


* 
* 
fi 
> 


SecrT. IV. UF. OPTI1CS. 


fide the axis, within a certain limit EEE, And the rays here hav- 
ing undergone no other modification excepting that of being infected, 
the phyſical point ꝙ retains ſtill the figure and colour of the original 
point in the object. And as the rays belonging to every point in the 
image, are inflected in like manner, all diverging different ways from 
their reſpective focus's in the glaſs; ſo to an eye ſomewhere at E, 
they exhibit a viſible picture, of a conſiderable breadth, as if it was 
really 3 on the glaſs. In like manner if GK be a white pa- 
per, the rays falling on every point of it will be inflected diffe- 
rent ways; as if they diverged from the paper, as repreſented by the 
rays 9 D. But, as before obſerved, there will not ſo many rays come 
now to the eye from each point of the image, as when they were 
tranſmitted through the glaſs; and for which reaſon the picture will 
be leſs bright and vivid. 


296. The window-ſhutters of the room intended for a camera- Camera-ob- 
Cura now 


made. 


obſcura, muſt be made to ſhut very cloſe ; and if there be any cre- 
viſes, they ſhould be ſtopped by nailing flips of black cloth or lea- 


ther over them. This being done a round hole 1s to be made in one Fig. 100. 


of the ſhutters, SH, againſt a ſaſh or caſement which muſt be left 
open during the experiment ; and cloſe to the faid hole, a convex lens 
BAC is to be fixed. The paper ſkreen or glaſs half poliſhed GK, 
muſt have a proper ſupport to hold it in the focus pgr, which ſocus 
is readily found, by moving the ſkreen to or fro till the picture is moſt 


diſtin, 


: 4 9 
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397. For holding the lens, there is a little convenient apparatus Scioptric- 


to be had ready in the ſhops, called a Scioptric-ball, and by ſome an ball. 
+ Ox-eye. This conſiſts of a wooden ball BB, confined in a hollow Fig. 101. 


zone of wood CCDD; the flat fide of which CC, is laid cloſe to 
the window-ſhutter, againſt a hole made big enough to receive ſo much 
of the ball as projects forwards; and the whole may be confined by 
three buttons faſtened to the ſaſh, as a, a, fig 100, made and placed 


ſo as to turn over the rim aa. The wooden zone conſiſts of two 
parts 


+ This aptly enough may be conſidered as a turn the lens towards objecis at different di- 


kind of artificial eye; the wooden zone may 
repreſent a fruitram of the eye's orbir, and the 
voluble ball within, that of the natural eye. A 
lens waoſe focal length is about = E A be- 
ing ſcrewed at the end E of the hole in the 
ball, may repreſent the ery ſtaline humour; aud 
fixing in a ſhort tube at A, a glaſs with parallel 
ſides and poliſhed only on one ſide, the pictures 


of objects will be ſeen upon it, as they are upon 


the retina ; and to make the thing more natu- 
ral, the ſides of this glaſs may have a ſphericity 
equal to that of the ball. If we ſucceſlively 


ſtances, we ſüall ſee a neceſſity of a ditterent 
configuration in the eye for viſion at different 
diſtances; and one way how diſtin viſion 
may be reſtored, as by altering the length of 
the axis; as Will appear by drawing in or out 
the tube at A till the picture is diſtinct upon the 
glaſs. If a lens having a longer or ſhorter fo- 
cus be ſcrewed at E, we ſhall have the caſe of 
a long or ſhort-ſight perſon ; and by holding a 
proper convex or concave lens before that at E, 
we ſhall ſee the effects of ſuch glaſſes in reſtor- 


ing diſtin& viſion. 
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Picture may 
be ſeen out 
of another 
room. 


How to ſet 
the picture 
upright. 


Fig. 102 
to 105, 


Ars Boox II. 


parts CC, DD, ſcrewed together after the ball is placed between them, 


and ſo as to admit the ball to turn eaſy round its center. The ball 
has a large cilindrical hole, at each end of which 1s cut a female ſcrew, 
for receiving a lens as A fixed in its cell, By the motion of the ball, 
the axis of the lens may be turned difterent ways; and the ſphericity 
of the zone, prevents any light from being tranſmitted betwixt it and 
the ball. There are commonly two lenſes, of different focal lengths, 
fitted to the ball; and by uſing them both at once, there will be in 


effect a third, having a ſhorter focus than either. When one lens 


only is uſed, it ſhould be fixed to the end A, that ſo the ſhort tube 
may exclude ſome of the extraneous light out of the room. 


298. If the picture upon the glaſs half poliſhed GK, be at a mo- 
derately ſmall diſtance from the partition, dividing the dark room 
from an adjacent one; a perſon in the adjacent light room, may ſee 
this picture very well through a hole oppoſite to it in that partition. 
This hole, which may be ſhut cloſe at other times by two folding- 
doors black on their inſide, and covered with a picture- frame, or &c. 
ſhould be big enough to receive part of the perſon's head, ſo that 
when he looks he may be quite in the dark ; the little folding-doors 
contributing much to this end, and ſomething black may be alſo placed 
over them, The picture may be thrown to either fide of the dark 
room, by a plane ſpeculum properly placed, as may ſuit beſt with 
reſpect to an adjacent light room. A contrivance of this kind ma 


be entertaining, and the more fo, as the phenomena will be leſs ex- 
pected than in the dark room. 


399. An inverted picture does not look near ſo pleaſant as an erect 
one, eſpecially if it repreſents live animals; and a perſon cannot be 
known near ſo readily in the inverted picture, as after the ſame pic- 


ture is made upright ; though in the former caſe, the images be much 
brighter and ſharper than in the latter. 


If a perſon facing the picture, whether it be upon paper or on the 


_ glaſs half poliſhed, looks into a looking-glaſs held before him with 


its face towards the picture and inclining downwards; the images 
ſeen in the glaſs will be erect, and in their due poſition as to right and 
left if the picture be on an opaque ſurface, otherwiſe they will be in- 
verted, In this caſe the looking-glaſs ſhould be pretty large ; but as 
ſuch are cumberſome and ſeldom true, it will be more convenient to 
place a ſmall plane ſpeculum near the lens, ſo as to infle& the rays . 
before they form the picture. In the annexed figures, PA, QA, RA, 

are the axes of pencils of light coming from an object without doors, 
which after paſſing through the convex lens A, are reflected by the 


plane 
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plane ſpeculum s ?, into the lines sp, vg, fr; and the foci of theſe 


pencils being at p, q, 7, an image of the object is formed upon the 
plane GK. In this caſe, the lens and the plane ſpeculum may be 
both placed in a ſhort ſquare tube, open only at the furtheſt end, and 


on the ſide facing the ſpeculum. By this means, the room will be 
much darker, and the picture proportionably livelier, than when the 
light is tranſmitted directly into it through the lens. The ſpeculum 
may be ſo fitted in its box, as it may be eaſily inclined to any angle ; 
and being but ſmall it may be made of || metal, which refleqs abun- 
dantly more light than glaſs; or if it be glaſs, its ſides ſhould be ex- 
actly flat and parallel. The tube may lip into a ſquare box made 
in a board fitted to the place made for the ſcioptric-ball ; or the tube 
might be round and fitted to the hole in that ball. 


400. In all caſes, the reflecting plane ſhould be ſo inclined as to re- 
flect the principal pencil of rays, or that whoſe axis is coincident with 
the axis of the lens, nearly at right angles to the plane GK ; for by this 
means, the focus of all the pencils will be nearly in that plane, which 
is perpendicular to the axis vg, and ſo the whole picture will be di- 


ſtin&t. In Fig. 102, 103, the reflecting plane makes half a right-angle 


with the axis QA; and ſo the rays coming along that axis are thrown 
directly upwards or downwards. In the one caſe the picture is formed 
upon the cieling, or on a paper parallel to it; and in the other caſe 
upon a paper on or parallel to the floor ; and in both theſe caſes the 
tube muſt reach a little way into the room. The firſt method is in- 
convenient, as it is aukward and troubleſome to look directly upwards ; 
and the ſecond method will be alſo inconvenient, unleſs the lens and 
ſpeculum can be placed high enough, and far enough into the room; 
to admit the picture to be about the height of a table above the floor, 
and to give room to the ſpectator to ſtand or fit betwixt it and the 
window. If this be done, the picture will lie very convenient for 
copying ; and in this caſe, the figures will be alſo in their due poſition as 
to right and left. In fg. 102, by placing another plane ſpeculum x 
above sf, and making an angle with it a little + obtuſe ; the picture 


may be ſhown on a white plane g 2, inclining a little from the win- | 


dow. The two ſpeculums and the lens might be fitted in the ſame 


box; and the picture thus formed would be very pleaſant, if both 


the 


That a hard whitiſh metal well poliſhed, have aroſe from the ©: ogg havii g been 
reflects abundantly more light than quick-filvered made with improper metals. 

laſs, ſeems to me very manifeſt ; and of this + 'The angle ſhould be a little obtute, that 
Mr. Short, who has had much experience in the picture may be a little higher than the ipe- 
theſe matters, is very certain. The contrary culum, | 
opinion, which for a long time prevailed, muit 
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Fig. 104. 


A fkreen for 
optical uſes. 


Fig. 105. 
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the ſpeculums are good, and the objects without are well illumi- 


nated by the ſun; otherwiſe it will be dark, becauſe of the loſs of 
light by the double reflection. 


401. In the annexed figure, the paper-ſkreen G K is ſuſpended 
obliquely from the cieling. This method gives a very agreeable pic- 
ture, as the images are not only erect, but alſo in their due poſition 
as to right and left. 

A large ſkreen would be uſeful here, and alſo for ſome other op- 
tical purpoſes; and it would be alſo convenient to have it portable. 
The ſkreen may be made of any fize by ſheets of white paper paſted 
ſmoothly on cloth, to which ſhould be fixed a ledge and roller, as is 
commonly done to large maps. The two ſupporters I had made 
were about 5+ feet high, and in the top of each was a round pin 
drawn tightly, by a wedge thro' a mortiſe in the end of it, againſt 
a ſhoulder on the other fide; at the other and mner end of each pin 
was a groove, in which lid a rail of about fix foot long. Between theſe 
two rails was fixed occaſionally the rail of the ſkreen, being there 
confined by two wedges going through the ends of it; and in the bot- 
toms of the ſaid ſide- rails, the roller turned ſtifly for bringing the ſkreen 
ſmooth, being drawn tight in the holes by two wedges as above. 
Through the groove in the inner end of each of the center-pins, and 
through one of various holes made in the fide-rails, went a ſmall pe 
by which the ſkreen could be ſuſpended at various heights; and by 
turning the ſaid center-pins, it was eaſy to give the ſkreen any deſired 
inclination, The wh was eaſily put together, or taken aſunder, ſo 
as to take but little room when out of uſe. 


402, In this figure, GK is a glaſs poliſhed only on one fide, which 
ſhould be placed rather higher than a perſon's head, that he may ſee 


the picture by rays coming through the glaſs, wine þ directly. The 
ſpace between KG and the lens ſhould be incloſed on all fides, fo 


that no light can come into the room but through the flat glaſs GK. 


By this means, we ſhall have the moſt lively picture that can be ex- 


hibited in the camera-obſcura, tho' it will be inverted as to right and 
left; and perſons at a moderate diſtance without, may be known as 
well as if we looked at them through the window. To put this me- 
thod in practice in a common room; the lens, plane ſpeculum, and 
the flat glaſs, ſhould be fixed in a kind of priſmatical box, black on 
the inſide, which may be readily hooked againſt the upper part of 
the window, ſo that the tube containing the lens fits to a hole made in 
the ſhutter to receive it ; the diſtance between the lens and GK being 
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before adjuſted, according to the diſtances of the objects that are to be 
taken in, and the upper window-ſaſh let down. If the objects are 
lower than the window, the plane ſpeculum vt need be but ſhort. 
Thoſe who have a ſpare room or cloſet facing a good near proſpect, 
by letting ſuch an apparatus ſtand in it, might at any time agreeably 
entertain themſelves, by only ſhutting the door upon them ; there be- 
ing ſomething more entertaining in ſuch a picture as this, than in 
ſeeing the real life . Either another window or the bottom of this, 
might ſerve to enlighten the room at other times. 


403. The entertainment which the camera- obſcura affords to all Pidure by a 
claſſes of people, is what led me to be ſo particular in its deſcription . cala“ Pe- 
And before I diſmiſs this ſubject, I ſhall juſt obſerve, that if a con- 
cave ſpeculum be placed againſt a ſmall hole in the window-thutter 
of a dark room ; a picture, like that we have been deſcribing, will 
be formed on a ſheet of paper placed near the principal focus of the 


{peculum. 


404. One conſiderable uſe that the camera- obſcura has been ap- portable 
plied to, is in aſſiſting young | artiſts to draw in perſpective ; and for c 
this purpoſe different ſorts of portable boxes have been contrived, the 
moſt common of which is that I am now going to deſcribe. But 
firſt let it be obſerved once for all, that all boxes made for this pur- 
poſe ſhould be cloſe, and black within; and that the ſpectator alſo 
when he looks, ſhould be fkreened from the light as much as poſſible. 

The annexed figure, repteſents a vertical ſection of the box through pig. 106. 
the middle: ST is a looking-glaſs received in grooves on each fide of 
the box; and making half a right-angle with the axis QAs of the 
convex lens A, fixed in the ſhort and fliding tube dg fe. GK is a glaſs 

poliſhed 
+ A compleat thing of this kind, is a little Hole in the oppoſite ſide. Theſe 8 he 


room built by Dr. Hoadly at Chelſea, The roof deſcribes at large in his Magia Nataralis, lib. 
is pyramidical like that of a ſummer-houſe; and xvii. cap. 6 ; and alſo ſhews how theſe pictures 


out of the ſides of it are projections like thoſe of will be improved by a convex lens, and made 


of external objects formed 


dormer lights or windows; in each front is placed 
a lens with a plane metallic ſpeculum fixed at the 

roper angle for throwing the picture upon a 
has laſs half poliſhed, fixed againſt the cavity 
— the ſaid projection cloſe to the cieling : 


There is another 4 9 of the fame kind at 
little ſpeculum being made to 


top, the lens and 
turn all round; ſo that there are five pictures in 
the room at once, and which give ſufficient light 
for reading a ſmall print. 

J. Bana Porta is, I believe, the firſt 
author that takes notice of the inverted pictures 
upon the wall of a 


dark room, by rays coming through a ſmall 
N n 


eret by a plane ſpeculum, Sc. This work 
conſiſting of twenty books, Mr. Molyneux quotes 
as being printed in 1589; but Hartley Catals- 
gus Univer/alis places the firſt edition at Franc- 
ford in 1591. P. Gaſpar. Schottus ſays that four 
of theſe VYooks were publiſhed at Antrorrp in 
xo. but theſe books are on ſubjecu no ways 
relative to the paſſages here referred to. 

It is certain that the camera. obſcura is very 
uſeful for this purpoſe, and alſo that in matiy 
caſes it exhibits what may be deemed a fine 
picture; but how far it may be uſeful to a 
8 is another conſideration, and what is 

ſide my preſent purpoſe to diſcuſs. 


274. 


Another box. 


How far the 
tube need 
flide. 


Fig. 106, 


+ 
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poliſhed only on one fide for receiving the image p qr, formed 
by rays which before their reflection by the ſpeculum ST, tend- 
ed to form an image abc. LM is the lid turned upwards, and 
which now ſerves to ſcreen the picture and the ſpectator from the 
light, the better to effect which, there are alſo folding leaves on each 
fide; ſo that the whole ſpace LMNB above the box is incloſed, ex- 
cepting in the front NB and the top MN. The two glaſſes when out 
of uſe, are put into a drawer fliding in the cavity EPCD, with ſome- 
thing ſoft under and between them to prevent their breaking in car- 
riage. Alſo the pyramidical trunk EFHI is uſually made to hook on 


and off, ſo as when out of uſe to be placed in the box. But this ſeems 
to be needleſs. | 


405. As it is difficult to have a large looking-glaſs that is true, a 
ſmall one may be made to anſwer the purpoſe ; as in fig. 102, GabKk 
may repreſent the ſection of a box, at the bottom of which is fixed 
at the proper angle the plane ſpeculum sv#; the lens A is move- 
able along with a ſhort tube or drawer to the proper diſtance, and 
GK receives the picture as in the preceding. 


406. In all caſes, the tube carrying the lens ſhould have a ſmooth 
and ſteady motion ; to effect which, the principal bearings ſhould 
ſpring againſt it, and it would be beſt to have the tube of braſs. 
The tube need not have a motion of above a + part of the focal length 
of the lens, at moſt ; and for common purpoſes it need not flide near 
ſo much. Matters ſhould be ſo ordered, that when the tube is puſhed 
as far in as it can, the paper or glaſs for receiving the images, ſhould 
be then in the principal focus of the lens ; and objects that are beyond 
the other focus of the lens a 1000, 100, 50, 10, Sc. times the focal 
length of the lens, will have their pictures in the box diſtin, when 
the tube is drawn out, the ee, vr, 35, 7+, Sc. part of that fo- 
cal length. If the pictures of objects that are nearer than about 6 
or 8 times the focal length of our lens are wanted, it will be beſt to 
uſe another lens of a ſhorter focus. By this means the ſhort tube 
will ſtill ferve; for it would be inconvenient here to have the tube 
long, as it muſt be proportionably broad.- 


407. The rough ſide of the glaſs GK is uſually placed uppermoſt, 
for the ſake of copying with a pencil the picture upon it; and ſome- 
times inſtead of the glaſs, is uſed oiled paper ſtrained in a frame, 
for the ſame purpoſe. | 

If the board BP be made to ſlide out, and the glaſs GK be placed 
in its ſtead ; the ſpeculum ST being taken away, the lid LM ſhut, 
and the glals GK ſcreened from the light coming to it from with- 


out ; 


I 
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out; we ſhall have an inverted picture much ſharper and diſtincter 
than the former, and alſo much properer for the imitation of an artiſt, 
as the images here are duly ſituated notwithſtanding their being upſide 
down 1. A draftſman, I ſhould think, would make no other uſe of 
the camera, than to aſſiſt his imagination in drawing upon another paper 
he has before him, But when the picture is drawn upon the rough 
ſide of the glaſs or on the oiled paper, as it muſt be again copied, 
the error cauſed by the looking-glaſs may be then rectified. But for 
the purpoſe of drawing, the following conſtruction of a box ſeems 
to be much more convenient. 


408. The annexed figure is the box fig. 106, ſet upright upon the Fig. 107. 
bottom, neither of the glaſſes GK or ST being here uſed. Inſtead fen box 
of ST is here uſed the ſmall ſpeculum 57, which reflects the rays of 
coming through the hole or opening n, directly upon the lens A; 
and which are there refracted, ſo as to form a picture upon paper placed 
at the bottom BC of the box. To a ſpectator with his back towards 
the objects, this picture will be erect, and the images in their due po- 
ſition as to right and left. For viewing the picture, a ſlit may be 
made at I, which may be covered occaſionally by two ſlips of boards 
Aliding to each fide : And for drawing, the front BL, which before was 
the upper part, muſt be opened ; the lid ML ſupported by the folding 
leaves on the ſides, ſerving here alſo to ſcreen the artiſt from the light, 
and which with the addition of a piece of looſe black cloth thrown 
over his ſhoulders, will keep it out effectually. The opening mn is 
eaſily encloſed, when the tube is uſed as in fg. 106. 


409. If the ſpeculum sf is a good one, it is indifferent whether 
the rays from the objects come to it, or the lens firſt ; but if it be 
faulty, it will do leſs harm when placed after the lens, as repreſented 
in fig. 108 ; and therefore this laſt conſtruction, for the purpoſe of a 
camera obſcura, is always to be preferred. 


410. The annexed figure is a larger box, made upon the ſame prin- Fig. 104. 
ciples, and anſwering the ſame purpoſes, with the laſt deſcribed. The 
bottom part of it is the * e- box for holding pictures before the con-. 286, II. 
cave ſpeculum; and the top of it is the box, fig. 106, ſet with the face 
LB downwards, the lid LMN being now taken away. Or it will an- 
ſwer the ſame purpoſe, if the ſmall box be ſet upright, as in fig. 107, 
the bottom BC being taken away. I had the little box deſignedly made 

Nn 2 | 7% 

as < ons: vengres wider ied rene be wat 
into ſquares, either by croſs lines or by a frame theſe numbered; in either caſe it will be eafy 
with croſs threads or wiers laid on occaſionally: to take a correct copy of the principal lines, 


This frame would ſerve for dividing the glaſs and the whole may be afterwards finiſhed at 
half poliſhed, if it be uſed inſtead of the paper; leiſure. | 


2 286, II. 


To make the 


boxes more 
portable. 


Beok-camera. a Book-camera, from its being made to fold exactly in the ſhape 


Another port- 
able camera. 
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a cube, that it might fit on either way. By either of theſe methods, 
we ſhall have a large picture on a ſheet of paper placed at the bottom of 
the box, and which will appear vety diſtin and ere through an 
opening at LM, or thorough, the front MN: The ſaid opening be- 
ing ſhut, and the folding doots before * deſcribed laid open; a plece 
of looſe black cloth thrown over the tops of the doors and the ſpec- 
tator's ſhoulders, he may eaſily gather about him, ſo as to exclude all 
* from the box ; and in this pofition fall to work with his pen- 
eil. If there be cteviſes left betwixt the box and the edges of the 
doors when they are open, there ſhould be thin lips of black leather 
nailed over them. A box made only for this purpoſe, might ſpread. 
wider towards the bottom; but as the doors in that caſe cannot open 
fo conveniently, I think this figure is preferable, 

411. There may be various methods of putting boxes together, ſo 
as to be reducible into a leſs bulk for the conveniency of carriage. 
There is one which has obtained in our ſhops for many years, called 
of a 
folio book ; and to make a kind of rebus, it is bound with leather 
and lettered on the back, in the ſame manner +. To ered it into a 
box, one of the lids or cover of the book ſerves for the back, and 
the front makes part of the top, to which is joined with hinges a 
board having its form ſemicircular, and reaching beyond the bottom; 
to this top is fixed black leather or cloth to hang over the draftman's 
ſhoulders when he draws, and which ſerves as a front to the box: 
Two boards faſtened by hinges to the ends, turn up and form the ſides 
and alſo ſuppeft the top; and by way of a tube for holding the lens, 
there is Faltentd to the top a ſeathern collar, which may be raiſed 
ör deprefed, by an arm coming from the frame of the lens to an up- 


fight board of Bar flidihg in one of the fides; the plane ſpeculum is 


fixed in a frame ſo as to be ſet to any angle, and turning round the 
tens to different aſpects, This Bex is founded upen the ſame princi- 
ples with that g. 167; the paper for receiving the picture being placed 
at the bottom; and the Whole eontrivanee is not amiſs, if cate be 
taken that the parts are f well fitted and proportioned, that the box is 
ſteady Wheft in uſe. But for home purpoſes, one Would prefer a box 
remaining faſt together. | 


+ Toftead of this leathern 


carrier without other package. 
I 


cover, z naked box Would be better, fo that it might be ſem by n 
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ard when in uſe it ſhould be alſo of a convenient height, if it may 
be, without a foreign ſupport. I do not know a better method for 
obtaining all theſe ends in a portable camera-ob/cura, than the follow- 


ing *. In the annexed figure BD is the ſection of a ſquare board, to Fig. 110. 


each corner of which is faſtened a Riff braſs joint, wherein is fixed a 
round ſtaff, of about the length and ſize of thoſe uſed to ſupport ſur- 
veying inſttuments, and which like them conſiſt of two parts ſcrewed 
together. The board BD is of a ſize juſt big enough to admit a 

roper tube for carrying the lens A and reflecting plane sf, and which 
is made to ſlide ſmooth in another ſhort and ſpringing tube fixed in 
the faid hole; or inſtead of theſe tubes may be uſed a leathern collar, 
like that to the book camera : Or rather, the lens ſhould be placed 
firſt, as in fig. 108. The oblong board GK, which may confiſt 
of 2 or 3 pieces joined together either by hinges or pins, may have 
holes in the corners through which the legs at the joints may ſcrew 
againſt ſhoulders left in the braſs part for that purpoſe; or the 
legs may be eaſily faſtened to the board by other methods, but 
the above I think is the beſt, as it will be a great ſtiffening to the 


whole, The legs as low as the board GK, on which the paper for 


receiving the picture is placed, is covered with a black leathern co- 
nical bag ; which on the back and two fides may be hooked under 


the board GK to keep it tight ; but on the fore part, the bag muſt 


be wider and hang lower, ſo as to admit a petſon's head and arm, 
and cover his ſhoulders ſufficiently to exclude extraneous light from the 


icture. 


If the machine has four legs, one of them ſhould be made ſhorter 
than the reſt, and have a ſliding foot which may be brought to ſtand 


faſt upon any une ven floor. Or three legs might be made to anſwer 
the purpoſe here; and in either caſe, this ſtand might ſerve to carry 
a ſerveying or levelling inſtrument, &c, 

413. To a perſon who is accuſtomed to draw by his eye, a camera 
of about 6 or 8 inches long and 2 or 3 inches wide, which he can 


eaſily put in his pocket, may perhaps anſwer all his purpoſes T. This 


may be made to be ufed like . 106, and with or without the plane 
lum 8ST. But a painter will ufe the camera 0bjcura with diſcre- 
tion; and there are many cafes wherein a convex ſpeculum, or a con- 
cave lens, may perhaps anſwer his. purpoſe much better, 


414 
» ] had an intimation of this contrivance niently made, are now to be had at our ſhops. 


ſonte years ſince by Mr. Daga/ Campbel, one They have been made with a lens of about 1 


of his Majeſty's engineers. But one that he got or 2 inches focus, and fitted to the heads of 
made being much too ſlight, did not anſwer. canes ; but theſe are much too ſmall to auſwer: 


+ Theſe ſmall camera's neatly and conve- any purpoſe. 
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414. Any camera-obſcura, wherein the picture is received upon pa- 
per at the bottom, may be eaſily converted into a ſhew-box, or one 
for improving prints. And it is pity that the common ſhew-boxes, are 
not made to anſwer both theſe purpoſes. The ſame lens may ſerve 
for both; but in the one caſe it muſt have a limited aperture, and in 
the other, the lens ſhould be broad enough to admit both eyes to ſee, 
through it, the print or picture at once. All that is required for ob- 
taining theſe two ends, is to have either an aperture, or two lenſes 
with their proper apertures, to be ſhifted on or off occaſionally. 

The print to be viewed is to be placed at the bottom of the box 
with its top inwards, where it is enlightened thro' the front, now left 
open, either by day or candle-light ; but it ſhews much more natu- 
ral and pleaſant by day-light, as we are not accuſtomed to ſee proſpects 
by any other: The opening u in the tube fg. 107, or the top box 


fig. 109, are to be turned the contrary way to what they are in theſe 


figures, that the box may ſtand between the ſpectator and the light. 
For the ſake of ſuiting different eyes, the tube ſhould have a little mo- 
tion, that the lens may be brought either nigher to or further from the 
bottom than its focal length. But thoſe who are too ſhort or too lon 
ſighted to fee diſtant objects without ſpectacles, they muſt uſe the ſame 
here. The box ſhould be big enough to take in a large print or a book 
of prints; and it would be of ſome advantage, if two thin blacked 
boards be faſtened by hinges to the ſides near the top, to be ſet to the 
margins of the print; ſo as to limit the ſight, as much as may be, to 
a view of the print only. | 

In a ſhew-box, it is beſt to place the plane mirror outermoſt, as in 


fig. 10); becaule any faults in that mirror will be leaſt prejudicial, 


when it receives the rays after they are refracted by the lens. The 
field of viſion will be the * more extenſive, the nearer the eye is to 
the lens; but the box fig. 107 will exhibit a print ſufficiently large ; 
and therefore upon the whole, that conſtruction as to the placing of 
the lens and the looking-glaſs, is the beſt of the two for this purpoſe 
of viewing prints, | 


415. I have above, referred only to thoſe boxes which had been 
before deſcribed for other purpoſes, for this alſo of improving prints. 


But theſe have this grievous inconvenience, that the plane looking- 


glaſs reverſes the print or picture as to right and left: The remedy is 
indeed obvious enough ; another looking-glaſs will ſet all to rights, by 


reverſing the reverſion made by the firſt. The looking-glaſſes may 


have different poſitions ; but in all caſes of this nature, it is beſt to 
ancline a plane ſpeculum ſo as to make about half a right angle with 


the 
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5 the principal pencils. This diſpoſition of a ſpeculum will reflect more 
light than when it ſtands more oblique, and there will accrue the leis 
damage from the imperfections of its figure. Let one of the plane 
mirrors be placed like TS fig. 109, and let the lens A be placed nigher: 
to it, as in the line EL; then a plane looking-glaſs placed upright be- 
fore the lens A, and inclined ſo as to make about half a right angle 
with its axis, will exhibit the picture in its due poſition +. By hav- 
ing the looking-glaſs before the lens to ſhift in and out occaſionally, it 
will be very eaſy to adapt a camera like that fig. 109, in the manner 
and for the purpoſe laſt deſcribed. A box of this ſort is now got into 
our ſhops, and was firſt made by Mr. Nairne, optical inſtrument- maker 
in Cornhill, in the year 1753. But this contrivance has its inconve- 
niencies. The field of viſion is rather too much contracted : From 
the almoſt unavoidable irregularities of the figures of looking-glaſſes, 
an indiſtinctneſs ariſes ; and from the loſs of light at their ſurfaces, the 
picture, unleſs it be ſtrongly illuminated becomes too dark and obſcure ; 
ſo that upon the whole it does not appear fo diſtin and pleaſant as 
with only one looking-glaſs. 
In the Gentleman's Magazine for April 1753, we have the deſcrip- 
tion of a box for improving prints by Mr. S. PAR RAT of Killerton, 
near Kirby-Lonſdale in Weſtmoreland. And I am apt to think, that 
the ſhew-box which one Mr. Jabnſon from Berwick had laſt ſpring at 
 Charing-croſs, was much of the ſame ſort. Having already dwelt lon 
upon this ſubject, I might perhaps have contented myſelf with only 
referring to Mr. Parrat's own account of his box, if I did not think the 
following conſtruction to be more advantageous. 


416. The box I got made is 16 inches long, 18 inches wide, and A new few- 
24 inches deep. Within this box, and parallel to the top and bottom, o 
is fixed a partition leaving a cavity above about 10 inches deep; into 
this cavity ſlips another box of the ſame length with the outer one, 
ſo that both together may draw out to the length of about 27 inches, 
which is the proper diſtance betwixt my lens and the print to be 
viewed, The lens is fixed in the end of this inner box, a little nearer 
1 the bottom than the top, having behind it an opening about 4 inches 
wide and 1% inch deep. The lens is included within a ſhort tube, 
blacked on the inſide, and of ſuch ſize as to hide all the box, ex- 
cepting the print itſelf at the farther end; and for confining the view 
to prints of different widths, the fides of this tube or box have an: 
angular motion, To prevent the inner box from dropping when drawn 
| out, 


— , . df an 


+ Or, the lens might be ee firſt, as in This diſpoſition of the lens and ſpeculums, will 
fg. 107, and the two ſpeculums, inclined in give a diſtinder picture than the other, but the. 
the manner above deſcribed, behind the lens. field of viſion will be more contraQed. 
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out, its lower end reaches down to the table, ſo as always to ſupport 
it level. The farther end of the outward box, againſt which the 
prints are placed, is fixed to a board fliding ſmoothly upon the bottom 
above-mentioned, ſo as it may be drawn out far enough to take in 
a large book of prints; and that it may be ſupported, this end alfo 
reaches down to the table, being ſtrengthened by two brackets fixed 
to it below and to the ſliding board. At the ends of the two ſides, 
t + of an inch wide, for confining 
the prints or a book betwixt them and the ſliding end; thefe flips ſlide 
in grooves made in a ſmall bar fixed acroſs the top, and another lying 
over the fliding board, ſo as to hide all except the print itſelf; an 
advantage not to be lighted . For illuminating the prints, about half 
the top turns up ſtifly upon two pegs, ſo as to ſtand at any angle, 
and when upright it drops 1+ inch within the box; the under-fide of 
this lid is covered with white paper for reflecting light upon the print, 
which together with that falling directly upon it through the aperture 
now made, will illumine it ſufficiently. The whole together is, I 
think, very convenient for the purpoſe, and has a better effect than 
any I have yet ſeen. The box was made ſo deep as above defcribed, 
that when placed upon a common table, a perſon ſitting apon a chair 
might look into it at his eaſe, without much ſtooping. The bottom 
part, which is every way incloſed and having a door on one fade, is 
big enough to hold ſeveral hundreds of prints; and for the fake of 
diſtinguiſhing them into ſeveral ſortments, there are ſeveral ſliding. 
ſhelves which will draw out at the door, which is about 2+ inches 


narrower than the ſide, to make room for the brackets before men- 


tioned for ſtrengthening the ſliding end. This box is blacked on the 


inſide, and is eafily converted into a camera- obſcura. 


417. If the bottom part be omitted, the box above deſcribed will 
be reduced to about half the ſiae; and a proper caſe or cheſt for hold- 
ing prints, may now be kept in the inner box. This box, but with 
ſome diſad vantage, may be yet reduced into a much ſmaller ſize : 
Let the inner box before deſcribed, be made no deeper than you 
would have a drawer for containing prints, and let the outer box be 
made juſt big enough to contain this drawer. Let the lid of the 
caſe, excepting a flip of about 2 inches wide at the front which 
ſhould remain faxed to the ſides, turn upon joints, and + be ſupported 


upright, 


| Theſe ſliding cheeks have fixed to them, + The method I uſed was by two joint rules 
and alſo to the box, ſlips of black leather, which having their ends turned upon pins fixed to 
will allow them to move in the whole 5 or 6 this lid and the fides, and fo as to lie within 
inches. the thickneſs of theſe fides. This method 

may 
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pens the lid is upright. bears a ink e ; wipe falfe.end:fixed acroſs the 
and in this poſition. id is faſtened by a buiton in the ſaid 
ledge 4 Agaiaſt thĩs 14 ee or books with prints are to be placed, 


the nde and wp being all free from:pbſtacles, a book may be here placed 
of any, 6ze...'The,prints, ſhoyld-be ſupporead ot top ;-for this purpoſe, 
re; be-twa-narrow boands;ſliding; upright in grooves on the back 
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out, its lower end reaches down to the table, ſo as always to ſupport 


it level. The farther end of the outward box, againſt which the 
prints are placed, is fixed to a board iliding ſmoothly upon the bottom 
above-mentioned, ſo as it may be drawn out far enough to take in 
a large book of prints; and that it may be ſupported, this end alſo 
reaches down to the table, being ſtrengthened by two brackets fixed 
to it below and to the ſliding board. At the ends of the two ſides, 
are fixed two flips or cheeks about 4 of an inch wide, for confinin 

the prints or a book betwixt them and the ſliding end; thefe ſlips flide 
in grooves made in a ſmall bar fixed acroſs the top, and another lying 
over the ſliding board, ſo as to hide all except the print itſelf ; an 
advantage not to be flighted |. For illuminating the prints, about half 
the top turns up ſtiffly upon two pegs, ſo as to ſtand at any angle, 
and when upright it drops 14 inch within the box; the under-fide of 
this lid is covered with white paper for reflecting light upon the print, 
which together with that falling directly upon it through the aperture 
now made, will illumine it ſutficiently. The whole together is, I 
think, very convenient for the purpoſe, and has a better effect than 
any I have yet ſeen. The box was made ſo deep as above deſcribed, 
that when placed upon a common table, a perſon fitting upon a chair 
might look into it at his eaſe, without much ſtooping. The bottom 
part, which is every way incloſed and having a door on one fide, is 
big enough to hold ſeveral hundreds of prints; and for the ſake of 
diſtinguiſhing them into ſeveral ſortments, there are ſeveral ſliding 
ſhelves which will draw out at the door, which is about 2 inches 
narrower than the ſide, to make room for the brackets before men- 


tioned for ſtrengthening the ſliding end. This box is blacked on the 
inſide, and is eaſily converted into a camera- obſcura. 


417. If the bottom part be omitted, the box above deſeribed will 
be reduced to about half the ſize; and a proper caſe or cheſt for hold- 


ing prints, may now be kept in the inner box. This box, but with 
ſome diſadvantage, may be yet reduced into a much ſmaller ſize : 
Let the inner box before deſcribed, be made no deeper than you 
would have a drawer for containing prints, and let the outer box be 
made juſt big enough to contain this drawer. Let the lid of the 
caſe, excepting a flip of about 2 inches wide at the front which 
ſhould remain fixed to the fides, turn upon joints, and + be ſupported 


upright, 


1 Thele fliding cheeks have fixed to them, + The method I uſed was by two joint rules 


and alio tothe box, ſlips of black leather, which having their ends turned upon pins fixed to 


Will allow them to move in the whole 5 or 6 this lid and the ſides, and fo as to lie within 
inches. 


the thickneſs of theſe ſides This method 
may 
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upright, which may be done various ways. Againſt a proper aperture 
made in this lid, the lens is to be fixed; or it may be fixed in a 
board ſliding to different heights, that it may be the better adapted 
to prints of different ſizes. 

The drawer alſo has a lid, which turns upright upon pegs made 
within about 1+ or 2 inches of the farther or lower end, which end 
when the lid is upright bears againſt a ledge or falfe end fixed acroſs the 
drawer ; and in this poſition the lid is faſtened by a button 1n the ſaid 
ledge. Againſt this lid the prints or books with prints are to be placed, 
the bottom of a book bearing upon the above-mentioned ledge ; and 
the ſides and top being all free from obſtacles, a book may be here placed 
of any ſize. The prints, ſhould be ſupported at top; for this purpoſe, 
let there be two narrow boards: ſliding upright in grooves on the back 
of the lid, and to the tops of theſe ſliders, let there be fixed a narrow 
tranſom the whole width of the lid: B y a ſpring, ſcrew, or a wedge 
bearing againſt one of theſe ſliders, the tranſom may be ſupported at va- 
rious hcights for holding prints of varigas depths. Along this tranſom, 
let there be a thin ſlip either ſpringing, or turning ſtifly, againſt it for 
holding the prints; this ſlip ſhould turn upon joints, and ſo as to be ea- 
tily opened, which may be effected by different methods. Within the 


upper half of the tranſom, let there be two flips ſliding to each fide, the 


fore ſide of their outer ends being in the ſame plane with the fore · ſide 
of the lid or tranſom; at theſe ends let there be wooden ſlips drawn 
cloſe to them by ſprings, for faſtening the edge of a print. By this 
means, a very long or very deep print may be held ſtraight at the top ; 


and, were it neceſſary, it might be alſo ſupported at bottom, by two 


fliders drawing out to the ſides, as above; and having grooves in them, 
or by two ſlips turning upon joints. For confining books of different 
thickneſſes; there is a narrow board or falſe end, to be placed occaſio- 
nally into different correſpondent grooves, made a little aſunder in the 
ſides of. the drawer a little before the lid; and fo as the top of the ſaid 


end, when there placed, may ſtand about an inch or better above the 
ſides of the drawer. The light is now tocome upon the print ſideways; 


and having placed the lens and print at their due diſtance aſunder, move 


back the table againſt the pier, or ſhut ſo much of the window till you 


haveithe proper degree of light ; too muck light being here very preju- 


dicial, and there is but little danger of having too little. 


This little apparatus, when out of uſe, may be placed as a drawer 


in. a cheſt or under a table; and it will anſwer extremely well, if due 
Care. 


may be uſeſul in many caſes, where one thing is to be held at 2 given angle to an- 
other. () 0 
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care be taken as to the proper degree of light upon the prints : It has 
one conſiderable advantage above the box deſcribed in the preceding. 
unleſs that be made very big, the taking in of very large prints. But 
the excluding of all objects from the ſight, excepting the print itſelf, 
and preventing the glare incident to near and bright objects, are ad- 
vantages not eafily counter-ballanced. 

Having a lens fixed on a pedeſtal ſtanding on a table, it would be eaſy 


to ſupport prints againſt a wainſcot having a proper light, ſoas toexhibit 


the phenomenon we have been conſidering. without the aĩdof any box. 
The conclu- 418. I ſhall now conclude this ſubject with the following obſervations : 
hon. 1. In all cafes, a lens for improving prints, ſhonld be broad enough 
to admit both eyes to ſee through it at once, or about 4 or 4 inches 
wide. This enables us the better to judge of the greater diſtance of 
the image of the picture, on which the effect greatly depends, as in 
kke caſes of naked vifion. | 
2. For common fized prints, which are about 14 or 16 inches wide, 
a lens of about 24 or 26 inches focal length, will beft anſwer the 
purpoſe. If the lens be much mote or much leſs convex, the prints 
will accordinglyeither appear coloured and diſtorted towards the edges, 
or the effect of the lens will not be ſufficiently ſenſible. If the prints 
re much ſmaller or much larger, the lens ſhould accordingly have a 
much ſhorter or longer focal length. So that to a given lens, the prints 
ſhould be neatty of a ſize, and alſo done nearly on the fame ſcale. 


ſo as not to have any glare, as near abjects are apt to have. Upon 
this the -phenomena greatly depends; the degree of light received 
from remote objects, ſuch as are repreſented in the print, is uſually 
very moderate. And it may be laid down as a general rule in op- 


tics, that a ſpectator mould be ſkreened, as much as may be, from 


all light but what he receives from the object he looks at. 
In the cafe before us, the lens increaſes the vifnal angle but v 


little, and yet the print appears greatly magnihed, inſomuch that the 
objects repreſented may appear of their natural ſize. The principal 


© 317. 1]. cauſes of this phenomenon have geen already explained“: And it may 


be further obterved, that the caſe here ſeems fomiewhat analogous to 


that of vie wiag objects at different diſtances by the naked ſight: Theſe 
A appearing ſtill of the fame magnitude, whillt the firſt diſtance or vi- 
tual angle is vhried a gteat number of times; and to ſome one of thoſe 
ſtations, the cireumſtanees of the print may be exactly corre(porident, 
with perhaps the addition of ſome favourable advantages. 


V 


3. The prints ſhould be moderately and properly enlightened, and 
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